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Powerful Personal Calculator System Sets New Standards, by Bernard £ Musch, John 

J. Wong, and David R. Conklin It's not only a powerful handheld calculator, but also the 
nucleus of a computer system that fits tn a briefcase. 

Packaging the HP-41C, by Gerald W, Stetger The liquid crystal display made it interest- 
ing for the package designers. 

Card Reader Offers Compatibility and Expanded Capability, by David J. Lowe and Patrick 

V. Boyd More powerful and useful than its predecessors, the HP-4 1 C card reader can read 

cards written by earlier HP personal calculators, 

Evolutionary Printer Provides Significantly Better Performance, by Roger D. Quick and 

Donald L Morris As the power of a calculator increases, so must the abilities of its punter. 

Bulk CMOS Technology for the HP-41C, by Norman L Johnson and Vijay V. Marathe 

This integrated circuit process has many characteristics that contribute to long battery life 
in a calculator. 

The First HP Liquid Crystal Display, by Craig Maze LCD advantages include low voltage 
and power requirements and good visibility in strong light 

High Density and Low Cost with Printed Circuit Hybrid Technology, by James H. Fleming 

and Robert N. Low Silicon integrated circuit chips are mounted directly onto printed circuit 
boards to save space and cost. 

An Economical, Portable Microwave Spectrum Analyzer, by David H. Moiinariand Richard 

L. Belding Lab-grade performance at a low price makes the advantages of microwave 
spectrum analysis available to more engineers. 

In this Issue: 

Well, they've done it again. Just when I think I know the difference between a calculator 
and a computer, along comes a product that doesnt quite fit either category. In this case it's 
our March cover subject, the HP-41C. Its called a calculator and it looks like a calculator. It 
fits in your hand and has a keyboard and a liquid crystal display. But it accepts peripheral de- 
vices like a computer. There's a printer; a magnetic mass storage device, add-on memory 
modules, and an optical wand. And look at its command structure. Some of its functions are 
accessed by single keystrokes, like a calculator" s, but other functions are accessed by spell- 
ing out their names on the alphanumeric keyboard, and this is very computer-like. So what is 
the HP-41C, calculator or computer? Well call it a calculator, but it's really a little of both. 

If you look into the ports on top of the HP-41C where the peripherals plug in, what you see is the calculator's 
system bus. When you have a small, powerful, inexpensive processor with its system bus exposed, it's natural 
for people to think of connecting things to that bus and using the processor to control various kinds of specialized 
systems. Prediction, someday you'll be able to buy HP-41C systems and peripherals that don't come from 
Hewlett-Packard. 

Also featured in this issue is a new spectrum analyzer. Model 8559A (page 27), A spectrum analyzer is a basic 
tool for microwave engineers. What it does is similar to what happens when you tune your radio from one end of 
the broadcast band to the other — every time you pass a station, you get some sound out of the speaker. A 
spectrum analyzer tunes rapidly across a very wide band — 10 MHz to 21 GHz for the 8559A — and gives you a 
spike on a CRT display (instead of sound) whenever it encounters some energy, Mode! 8559A addresses a need 
that some of our customers have expressed, it's a high-performance instrument that uses state-of-the-art 
technology, but its price has been held down by not including features that aren't needed for most applications. 
This makes it affordable for many more microwave engineers, 
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Powerful Personal Calculator System Sets 
New Standards 

Customize this advanced new handheld calculator by 
plugging in extra memory, a magnetic card reader, a printer, 
and application modules. You can reconfigure the 
keyboard ', too, 

by Bernard E, Musch, John J, Wong, and David R, Conklin 



THE MOST POWERFUL personal handheld calcula- 
tor that Hewlett-Packard has ever designed, the new 
HP-41C, has over 130 preprogrammed functions 
and many advanced features, including a continuous 
memory that retains its information when the calculator 
is turned off t an alphanumeric liquid crystal display with 
status annunciators, a full alphanumeric keyboard that 
can be customized to fit user needs, and sophisticated but 
simple programming, including advanced editing, local 
and global labeling, specific loop control, flexible indirect 
addressing, and expanded decision-making capabilities. 

In addition to these standard features, the HP-41C can 
become a powerful calculating system by means of options 
that can be connected to the basic machine through four 
ports on the top. 

■ Up to four memory modules can be added, increasing 
available program memory or data storage by 400 per- 
cent, op to 1>U()U lines of program memory or 319 data 



storage registers, or any combination. 

■ A card reader allows I he user to record and read programs 
on magnetic cards, Among its features are prompting and 
HP-67/97 compatibility 

■ A portable thermal printer provides permanent record* 
of calculations. It is also capable of high-resolution plot- 
ting. 

■ An optical wand [available later this year] will read and 
enter programs and data from printed bar codes. 

■ Plug-in applh Htion modules nltnr preprogrammed solu- 
tions to problems in specific areas. 

The HH-65, introduced in 1974. and the HP-67. intro- 
iuied in 1976, were distinguished by electronic and 
mechanical features that represented an evolutionary 
follow-on to the 1IP-35, HP's first handheld calculator. Tb ey 
had numeric LED (light-emitting diode) displays and 
P-channel MOS [metal-oxide-semi conduct or J circuitry, 
The HP-41C represents both an evolution of capabilities 




Fig. 1. The new HP-41C CaS- 
culntot can be i tike, a 

computer system to include 
add-on semiconductor memory, 
mass memory, and hard-copy 

■ Here me HP- 4 ICts shown 
■nry modules and 

•■■onal magnetic card reader 
and thermal ptintei 
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and system architecture and e significant departure in 
technology and configuration. The HP-41C uses CMOS 
(complementary MOS) circuits throughout and has an al- 
phanumeric liquid crystal display. The configuration of the 
t IP-41 C is very much Hke a computer system. The handheld 
calculator is part of a distributed system that can include 
add-on semiconductor memory devices, a mass memory 
device, and a hard-copy output device. Fig. 1 is a picture of 
a system that includes the HP-41C Calculator, the 82 106 A 
Memory Module, the 821U4A Card Reader, and the82143A 
Printer. 

USER Mode 

One of the inns I unusual I eat u res of the HP-41C was 
developed in response to the distributed nature of the sys- 
tem. It is the concept of USER mode and the capability for 
the user to completely reconfigure the calculator's 
keyboard, 

USER mode can be best understood by considering the 
dilemma of where to put a key labeled PRINT on a machine 
that may or may not have a peripheral printer attached. For 
the user with the printer, the PR J NT label should be in a 
prominent place, most likely on a keytop. For a user without 
a printer, putting a PRINT label on a key/top is i] waste of a 
valuable commodity- a primary key, 

A related dilemma is the proliferation of functions in this 
kind of system compared to the limited and relatively con- 
stant number of keys and surfaces on which to inscribe the 
nomenclature for these functions. The traditional solution 
has been to provide multiple shift keys and nomenclature In 
several colors to access various functions with each key. 
With USER mode, the solution is to provide only frequently 
used functions on the key tops and key deck, and a single 
shift key. The front slopes of the keys are reserved for the 
alphabet and characters for alpha mode, and a procedmv is 
provided to assign any function — mainframe, plug-in, or 
user-generated — to any key. primary or shifted (see page 5 I 
The user-assigned keyboard configuration is maintained 
while the calculator is off, so that it need not be reentered 
each time the calculator is turned on, 



14- Segment Alphanumeric Characters 

Status Of Flags 0-4 

Mode Annunciators 




I * * H P - H I C * * ft 




ALPHA 





Fig. 2. The HP-4iCs liquid crystal display features a full 
alphanumeric character set 



Fig. 3. Opticnai HP-41Q peripherals plug into the mainframe 
vta four I/O ports on lop of the calculator. 



Alphanumeric Display 

A second major tea lure of I he HIM 1( ! is the alphanumeric 
display. Fig* 2 is a picture of the display showing its salient 
features. The uses of the alpha capability include input 
prompting (e,g. f KEY IN COST) as well as output labeling 
with variable names and units fe,^.. X = 23.7% KM). 

Pmmplin^ also extends to the key functions. Pressing any 
junction key down and holding it will display the name of 
the function in the display for approximately one- half sec- 
ond. When the key is released, the Function is executed. If 
the key is held down beyond the one-half second time 
period, the key nulls (i.e., is not executed I II I he calculator 
is in the USER mode and the key has been reassigned, the 
function that is displayed and subsequently executed is the 
user's assigned function, not the one preprogrammed into 
the machine. 

Additional uses of the alpha capability include display- 
ing the program steps in program mode with the actual 
function name, and the generation of explanatory error mes- 
sages* such as NONEXISTENT in response to an attempt to 
address a nonexistent register and DATA ERKOK in response 
to an attempt to perform a mathematically impossible oper- 
ation SUCh ris division by 7 r ero, 

Providing a useful alphanumeric capability consistent 
with a conceptual extension of the HP- 65>'fi7/97 operating 
system was an interesting challenge. The solution con- 
sisted of providing an alpha register separate from the 
users addressable memory and the operational slack. This 
register is capable of holding up to 24 alpha characters. 
Pressing the ALPHA key on the keyboard causes tw T o things 
to happen: the contents of the alpha register are displayed, 
and the keyboard is converted into an alpha entry keyboard 
using the character set printed in blue on the front slope of 
the keys. Various functions in the machine's functin 
enable the user lo manipulate and view the contents of the 
alpha register both from the keyboard and/or under program 
control. 

Input/Output Ports 

The third area of distinction for t fie HP-4 1C is the capabil- 
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itv ot expanding the system's hardware using the four I O 
ports on the top of the calculator (Fig. 3). The calculator's 
:n bus is access ible at the I/O i nterface. This enables th e 
user to expand the system by plugging in any device capa- 
ble of Interfacing to this bus. For example, add-on ROM 
(read-only memory) can increase the function set ol the 
machine with programs written either in the machine's 
operating language or as S4 s of user instructions. 

Plug-in RAM [random-access read/write memory) eai 
pand the user's storage space for data and programs. 
Peripheral devices can be added to the system, with each 
device's function set contained in the ROM associated with 
the device itself. Thus, the user only pays for the capability 
to drive any peripheral when the peripheral is actually 
purchased. As of this writing, available peripherals include 
a magnetic card reader rind a thermal printer, with an opti- 
cal bar code reader due to be available in early 1980. De- 
tailed descriptions of the first two devices are included in 
other articles in this issue. 



System Architecture 

A close look at the HP-41C architecture reveals an 
evolutionary design with close ties to the HP-35 1 and 
_ 1 : families. In fact the system timing is compatible 
with the HP-21 and much of the instruction set is very 
similar. The decision to stay with this familiar architecture 
allowed faster development and use :ig circuit 

pioneered in the HP-z r 

Despite similarities in the architecture, there are many 
enhancements mat maketheHP-4lCamuch more powerful 
machine. Added features include a 2x improvement in 
operating speed, address expansion to 64K 10-bit words of 
ROM and 7K bytes of RAM extensive 10 support with new 
peripheral instructions, a new display structure, and spe- 
cial power on-off controls. The chip set of the HP-41C in- 
eludes one CPU [central processing unit), five data storage 
chips, three ROMs, and two display drivers, all CMOS, and 
one bipolar circuit. Fig, 4 is a block diagram of the system. 
With the exception of the display drivers, all the electronics 
are mounted on a single four-layer printed circuit board. 

The calculator hardware can exist in any of three powej 



Using user Mode 



The procedure for the user to redefine a key on the HP-41C 
Keyboard is simple and straightforward. If a peripheral device or 
application module is plugged into one of the I/O ports of the HP-41 C, 

the user can execute the cat 2 (Catalog 2) function to review the 
plug-in s repertoi re of available fun ctions The listing below shows the 
function set of the printer 



-PtlHTES- 

flCfl 

hCCGl 

riCSPFC 

KX 

BLDSPEC 

LIST 

PRh 

YB8X-UI 

PRBUF 

PSFLfiGS 

PRKEVS 

m 

'PRPLOT 

'PRPLOTP 

FRREG 

PRREGX 

?RZ 

PRSTK 

P(8 

REGPLOT 

SKPCHR 

SKPCOL 

STKF'LOT 



MT 



To assign, for example, the prx (Print X) function to the r-s key 

(ocat:on. 



User Keys In 

■ EH3 



Display Shows 

asn 

asn 



ai • m 



ASN PRX . 



ALW I A 



Eg 



A5N PRX 

ASN PR* 84 



The underscore prompts for additional information, the alpha an- 
nunciator comes on to indicate that the keyboard is in alpha mode, 
and the 84 indicates that the key being assigned is the 4th key in the 
8th row 

Now that the key has been reassigned, the user may invoke the r->p,x 
Junction merely by pressing &S :i-- Key (displaying the annunciator 
user) and then pressing r-s. The user key may be thought of as a 
permanent shift key that shifts every key from the normal definition to 
the users own key definition 

If the r/s key is pressed and held in me uslp mode, the mnemonic 
prx is displayed as a reminder of what function is to be executed, to 
void or ni j; i out its execution the user merely holds the key down for 
more than !4 second. In this way the current redefinition c-f the 
keyboard may be reviewed without disturbing the contents of the 
machine's registers, 

If the printer is now unplugged from the calculator and the FVS key is 
pressed and held the message xrom 29.20 appears in the display 
indicating that a function that is in a ROM external to the machine has 
been assigned to that key. The numbers indicate that it is the 20 f h 
function of device number 29 [the printer). Of course, both the name 
and the nature of XROM function 29,20 is unknown to the calculator 
as long as the printer module remains unplugged. Any attempt lo 
execute an XROM function will result in NOWEXtSTBfl in the display. The 
printer may be plugged in again (into any port) and the ra function 
will reappear, assigned to the R/s key. 



MARCH I960 HFWLETT PACKARD JOURNAL 5 



)Copr. 1949-1998 Hewlett-Packard Co. 



D+ftpiay 




Fig, 4. HP-41C block &agmm. 

modes. The first mode is the SLEEP mode. All of the circuits 
are inactive, but are biased on by the battery In sustain I he 
continuous memory, consuming only a few microamperes 
of current for the entire calculator. Wben the unit is turned 
on, it enters theRI .\ mode, The (locks are running, inStrttG- 
tions are executed, data is transferred, and the display is 
initialized and enabled. Under software control, the cal- 
culator transfers to a STANDBY mode in which the clocks 
and CPU are stopped. Only the display and the power 
supply remain active, and timing is controlled by the inter- 



nal oscillator in the display driver. The R! \ nmde is acti- 
vated whenever a key is pressed, and the calculator returns 
to STANDBY mode between keystrokes. If there is no input 
activity lor approximately ten minutes, the display driver 
times nut ami shuts off the system altogether and the cal- 
culator is again in SLEEP mode, 

CPU 

The CPU is one of eleven CMOS circuits inside the 
HP-41C thai were all developed and are fabricated within 
Hewlett-Packard. In the design process, various computer- 
aided design tools were used for logic and circuit simula- 
tions, digitizing, and design rule checks to provide faster 
development and assure more accurate and reliable 
circuits. 

Inside the CPU, there are five working registers (A. EL C. 
M. and N). one 8-bit register, one 14-bit status register, two 
pointers, and four subroutine return registers. The CIM 
supports ]ti bits of ROM address, 10 bits of data regisler 
address, 56 keys with two-key rollover capability, 14 flag 
inputs and eight flag outputs. In the HP-41 C, the flag outpul 
line is dedicated to driving the audible beeper. 

In addition to these addressing and register capabilities, 
other CPU enhancements include new peripheral instruc- 
tions to meet I/O demand, soft ware- prog rammed on-off 
logic, automatic reset circuitry, and a new instruction to 
read ROM contents as data. The new instruction, CXISA, is 
especially useful for reading lookup tables, application 
ROMs, and ROM checksums. 

Data Storage 

There are five data storage circuits, each containing 16 
5B-bit registers of RAM [random -access memory). One of 
these circuits is allocated for internal storage, including the 
sin i k. display register, program pointers, and so on. The 
other four chips provide the user with 64 registers that can 
be partitioned between data and program memory at a rate 
of seven bytes of program per register. 

In addition to the internal data storage, the I IP-41C allows 
16 more data storage circuits to be plugged into the system, 
four in each port. The I/O ports each have two pins that 
provide port address information to the plug-in memory 
modules, The memory modules are all identical and any 
number of them (up to four) can be in the system at any time, 
The only restriction is that the memory modules have to 
occupy ports starting with the lowest port number to pro- 
vide a continuous program storage space, 

The Display System 

['he 1 1 i s p ] rt \ vysUr-ni om^K oi a 12-character, i-;- 
segment liquid crystal display and a display driver hybrid 
that holds two display driver circuits. These are sand- 
wiched together with connectors and clips. There are 75 
connections between the LCD and the hybrid and 15 con- 
nections to the logic board. 

The display is multiplexed three ways by scanning the 
tluee row lines on the backplane of the LCD and presenting 
the column information in parallel to all characters An LCD 
segment is considered on when the rms voltage difference 
between that row and that column exceeds a certain on 
threshold, and oft if this voltage difference is below a cer- 
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Packaging the HP-41C 

by Gerald W. Steiger 



The design of the HP-41C borrows heavily from previous HP caJ- 

cuJaic T he contours of the case recail Ihe ^35. 

The mechanical design is similar to the HP-21. using four major 
subassernc -: ooard.fogk: board, and bottom 

case. 

The display asser : required the most new mechanical 

design work, primarily because of space restrictions, but also be- 
cause the HP-41 C is HP sfrrst liquid crystal display product. Because 
the alphanumeric LCD requires so many connections, a display 
driver hybrid is connected directly to the LCD through efastomenc 
connectors on the long sides of the display Registration of the hybrid 
to the LCD is established by a plastic locator bonded to the LCD. The 
assembly is held together by two spring dips that provide the re- 
quired contact pressure and protect the glass LCD from impact The 
display assembly <s attached ro !he keyboard by a comb of contacts 
that are reflow soldered to the hybrid and keyboard (Fig, 1), 

The keyboard is heat-staked to the top case as In the HP-21 and 
uses metal discs for key contact and tactile feedback as in the 
HP-19C. Removable overlays and transfer labels keep track of rede- 
emed keys. Using a momentary-contact on/off circuit eliminates the 
need for slide switches and the special plating they require. 

The togsc board, Fig. 2, makes contact to the keyboard through 
another elastomenc connector, again because of space restrictions. 
Contact pressure is maintained by two nuts driven over the top-case 
screw bosses A spacer, sonic welded to the bosses, establishes the 
ogic board height and prevents overdriving of the nuts from affecting 
key feel. The piezoelectric beeper is mounted to the logic boara to 
facilitate assembly and repair Foam tape presses the beeper against 
the bottom case, which acts as a sounding board. 

The bottom case contains the I/O ports and the one-piece battery 
case/door. The battery springs are used as jumpers, to apply contact 




force, and to hold the case in place, as in the HP-21 . There are two 

small cantilever springs to hold the cells in place white outside the 

: f: : Z contacts are on a flexible printed 

■ is wrapped around and neat-staked to a plastic contact 

10 contacts are made on the tops and bottoms of four larger rids, like 

edge connectors on a hard printed circuit board. A piece of 
poiyurethane foam held in the top of the contact frame presses the 
flexible circuit against the keyboard to make contact there Four 
screws attach the bottom case to the top case, trapping the contact 
frame and the center case, a cosmetic piece, between them 




Fig. 2. HP-HC logic board. 




Fig. 1 + HP 41C display assembly. 



*-■ 
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tain off threshold. The drive waveforms use a four-level 
scheme that provides optimum on and off rms voltage dif- 
ferences of 2,lV and I. IV, respectively. Fig. 5 shows the 
drive waveforms required to produce letters H and P. The 
rms values are computed by averaging the squares of the 
row-column differences over the six time periods shown. In 
letter P, for example, segment 14 sees an rms voltage differ 
ence between row 1 and column 4 of; 

{tV|| I I ni- 15 5 2.2p+(l, l-2.2J^(2.2-3. 3\ 2 



-(U-l- 1|— (2.2-1, I] 2 



i}* 



LIV 



Thus segment 14 is off. 

There a re two identical display driver circuits, each driv- 
ing six characters of the display. The two chips ad as 
stand-alone peripherals to the system, with all controls, 

First digit is row number. 
Second digit is column number. 



—5— j> 




V3 

BO V2 

V1 



m 



R2 




CO 



G1 



C2 



C3 



C4 



cs 



t0 I t1 I ta i t0 I h I ta I 



4 1 \ 1 1 \ 



i_r 



r^ 



i_i 



iJ 



r^ 





Fig. 5. Display drive waveforms to produce letters H arid P 
Voltages 'v ' , . ■ -re 11V 2 2V, and3.3V An LCD segment 
is on if ths rms difference between the row and column volt- 
ages applied to it ts 2. 1 V The segment ts off if this rms ■ i 



registers, ROM, buffers and drivers built in. The two cir- 
cuits are connected in a chain, with information passed 
back and forth between them. To the system they look like a 
single 12-digit driver. The chips may be cascaded beyond 
two to handle systems with larger displays. 

Information for each character is stored as a 0-bit string. 
Seven bits are used for the character's ASCII* equivalent — 
only BO characters ;ire decoded and displayed — and two 
bits are for the punctuation field. There is a separate hit per 
ihuit for the annunciators. The data from the CPU can be 
sent in 9-bit, 8-bit, Of 4- bit [for numerics) fields in single- 
character or mult i character form, from left or right side. The 
display can also be shifted left or right one digit at a time, 
All the column data is updated each time new information 
is sent and the decoded outputs are buffered in a three bit 
shift register for each column, This is necessary because the 
columns are scanned at a slow rale; il also allows the dis- 
play to be system- independent during STANDBY fl 

Power Supply Circuit 

The [tl'-41C is powered by four N-size alkaline batteries 
with supply voltages ranging between 6V and 4V. Although 
CMOS can operate down to the 4 V level , the speed would be 
greatly reduced. To optimize performance and provide LCD 
drive voltages and several other analog functions, a custom 
bipolar circuit was designed to perform the power supply 
iii net ions. 

The design goals for the bipolar circuit were to provide 
extremely low pow r er and highly efficient operation. This 
circuit follows the three modes of calculator operation. In 
SLEEP mode, the CPU disables an input control pin, which 
shuts off all bias t umnf to the internal circuits. In this 
mode, the chip draws less than I ij.A of current. In 
STANDBY, the chip is active, providing the fiV and LCD 
voltages, but at very minimal current. In RUN mode, the 
supply delivers as much power as needed by the system and 
its plug-ins up to 20 mA, 

There are two internal references inside the power supply 
circuit , one for the 6V and one for the LCD voltages. The fiV 
supply Is constant for a wide range of battery voltages and 
the full range of loading conditions. Outputs of 3.3V, 2 2\'. 
and LI V are generated and held to very tight tolerances to 
provide good contrast and viewing angle for the display. 
These voltages also have a negative temperature eoefBcienl 
of —20 niV /degree C to compensate lor the LCD threshold 
change with temperature. There is a low-battery detection 
circuit that signals the CPU to activate the BAT annunciator 
when the battery is weak. The bipolar chip also generates a 
handshake signal that indicates to the CPU that the system 
voltage is adequate to start the rest of the circuits. 

ROM 

The HP-41C contains 12K w f ords of system ROM (read- 
only memory), partitioned into three ROM chips with 4k 
words of 10 bits in length. That is 16 limes more ROM than 
the HP-H5 and more than twice that of the HP-h~ 

There are IB bits of address field. The fouruppei bits are 
used as a chip-enable code to select one of 16 ROM circuits. 
The system ROM chips occupy the lower three addresses 
with peripherals filling in above them. The eight upper 

■-- en Code fD' fntorma^iori interchange 
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ROM locations are reserved for the plug-in application 
modules. With the two port address lines controlling bit 13 
and bit 14 of the ROM address, the system can accommo- 
date four plug- in application ROM modules at the same 
time, each containing one or two ROM circuits. An applica- 
tion ROM lakes on the physical address of the port it is 
plugged Into, bu! this is invisible to the user; the ROM 
operates in the same way in all four ports. Since different 
application ROMs ran use the same physical address at 
different times, the number of possible application ROMs 
is not limited by the hardware. 

Operating System and Firmware 

The basic functions of the mainframe microcode may be 
seen in the flowchart in Fig. 6, The processor goes into its 
.STANDBY stage between keystrokes to Conserve power 
Pushing a key causes the microprocessor to wake up and 
begin executing instructions. Some simple tests are run to 
ensure that the contents of RAM have not been lost, and 
then the keyboard is interrogated to see which key was 
pushed. It is possible for a peripheral to wake up the proces- 
sor without a key being pushed. In this event the operating 
system jumps to a standard entry point in each plug-in KOM 
to give the ROM associated with the peripheral a chance to 
service the peripheral There are seven standard entry 
points ineach plug-in ROM to facilitate pulling the plug-ins 
under various conditions. 

In contrast to earlier HP handheld calculators, the map- 
ping of a key onto the corresponding function can be an 
elaborate process in the HP-41Q When the calculator is in 
MSKK mode, a bit map of all the key locations is examined to 
see if the user has explicitly redefined the key. If not t a test is 
made to determine if the key is one of the auto-assignable 
keys- If the key is auto-assignable, a local label search must 
be conducted in the current user program to see if the 
corresponding label exists. Only after these possibilities 
have been checked does the operating system map the key 
onto its default function. 

The HIM id allows the user to access a function that is not 
assigned to any key by spelling out its name, The named 
I uric! ion may be a mainframe function, a function in a 
plug-in application ROM or peripheral, or an alpha label in 
user program memory. The firmware searches through user 
program memory, .ill piug-ins, rind the mainframe, in that 
order. There are no mechanisms to prevent a user from 
spelling a label the same way as a ROM function name, but 
the order of the search guarantees that the user's function 
will be found instead of the ROM function, Within user 
program memory, the search is conducted backwards, start- 
ing with the last label in program memory and working 
toward the beginning of program memory. This tends to 
result inthemosl recently entered label being found when 
there are duplicate labels in memory. 

The CATALOG function was included to remind the user 
of all the functions available at any time. The order of the 
catalogs reflects the alpha name search oiler: CATALOG l 
displays alpha labels in program memory, CATALOG 2 dis- 
plays plug-in functions, and CATALOG :i shows the com- 
plete list of mainframe functions. Tables of pointers in the 
mainframe and at the beginning of each plug- in ROM de- 
terminr the nidei QJ the entries in CATALOGS 2 and ; 



CATALOG i displays alpha labels in order from the top of 
program memory to the bottom, that is. oldest first, the 
reverse of the search order. CATALOG 1 also displays END 
Statements in program memory, so that the user can tell 
which labels are in the same program. When CATALOG 1 
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Fig. 6. Basic HP-41C microcode operation for stngfe-key- 
stroke functions The calculator goes into a standby state be- 
tween keystrokes to conserve power 
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executes, the user program counter is moved to each label or 
KM) as It is displayed; this allows access to programs thai 
contain no alpha labels. 

Alpha labels and ENDS are linked together in a chain. 
Each label or END contains Q pointer to the label or END 
preceding it in program memory , This chain is traversed in 
its natural order when a sean h for an alpha label is con- 
ducted. When CATALOG 1 is executed, the firmware runs up 
the label chain to its end, counting the number of links, The 
final entry in the chain, which is at I he top of program 
memory, is displayed first. For successive entries in the 
log, the counter is decremented and the chain is 
traversed again up to the link corresponding to the counter. 

User Program Memory Maintenance 

Operations on user program memory were particularly 
challenging to implement on the HP-41C. The processor 
speed, although fast in comparison to previous HP bullery- 
operated calculator processors, is still very slow in ab- 
solute terms. The speed problem was compounded by 
potential memory configurations up to 10 times larger for 
user programs than on the HE J -b7. This combination of 
factors rendered the traditional methods of editing user 
program memory and searching for labels in user program 
memory prohibitively slow. 

On the HP-H7 or HP-97. when a step is inserted into ihe 
user's program, the remaining steps are moved down one 
byte at a time. On deletion of a step, remaining steps are 
moved up to fill the gap. Memory maintenance on the 
I IP-41C, however, is closer to disc file mainleruince than to 
the method used in the IIP-G7. When a step is deleted from 
an HP-41C user program, a null code is inserted in its place 
and no steps are moved. When a step is inserted, an exami- 
nation is first made to determine whether there are nulls at 
the desired location that can be overwritten. If not. then 
seven bytes are made available by moving the remaining 
program steps down by one full register. The register move 
operation is intrinsically faster than the byte-by-byte move 
made on the HP-fi7, If several steps are to be inserted at the 
same place, register moves will generally only be necessary 
on the first insertion. Succeeding steps are inserted into the 
extra space created by the first insertion. An occasional 
PACK operation is necessary to reclaim randomly distri- 
buted nulls. When the HP-41C runs out of room, it PACKS 
automatically. The user can also invoke the PACK function 
explicitly. 

Local versus Global Labels 

In the HP- ti7. each ti me a user label is referenced by a GTO 
or GSB instruction, a linear search is made through the 
entire user program memory to find the label The time 
spent searching for labels often represents a significant 
fraction of the execution time lor HP-67 programs. On the 
HP-41C, several techniques have been used to minimize 
label search time. The HP-41C has two classes of labels: 
global alpha labels and local numeric labels. The END func- 
tion on the HP-41C is used to divide user program memory 
into independent program spaces. When a reference is 
made to a local label, Ihe search lor the label is conducted 
only in the current program space, thereby shortening the 
search time. Once the larget label is found, its location is 



stored with the GTO that referenced it; in other words, ihe 
GTO is compiled," The search is eliminated altogether on 
subsequent executions of ihe GTO function if the program 
has not been edited in the meantime. Global alpha labels m r -\- 
used for references across program space boundaries. The 
alpha label chain described above serves to speed up the 
search tor global alpha labels. 

The concepts of global versus local labels and separate 
program spaces, although not new to computer pro- 
grammers, are important advances for a programmable cal- 
culator. A user can always write a new program wilhoul 
worrying about what numeric labels have been used in 
programs already in the machine, simply by creating a new 
program space. Users can similarly exchange and use each 
others* subroulines without regard tor conflicting numeric 
labels. Moreover, the global alpha labels used to name pro- 
grams can be up to seven characters in length, long enough 
to be meaningful and memorable. 

Support of Plug-ins 

A number of techniques were used in the HP-41C 
firmware to allow for plug-in application ROMs and 
peripherals, Kirsl.all functions in plug-ins are accessed by a 
logical ROM ID and function number, rather than by a 
physical address. This allows plug-ins to work without 
regard to which of the lour ports they are plugged into. 
When such a function is executed, the firmware searches 
through all of the ports until it finds the ROM bearing the 
ROM ID of the function, Second, provisions have been 
madetoailow plug-ins to seize control of the CPU at certain 
times, such as just before the CPU goes into STANDBY mode. 
The firmware polls all of the plug-ins whenever any one ol 
seven events happens. Third, some subroutines are in- 
cluded in the mainframe specifically to permit the use of 
address -i rule pen dent microcode in the plug-ins, which 
may take on the physical address of whichever port they are 
plugged into, Fourth, a number of subroutine calls to the 
printer ROM (which has a fixed, rather than port- 
dependent, physical address) are embedded in the main- 
frame firmware to permit the intimate interaction between 
printer and keyboard that was pioneered by the HP- 97. In 
I his case the firmware takes advantage of a feature of the 
CPU that causes an immediate return to be executed 
whenever a. subroultne jump is made to a nonexistent ROM. 
J 1 1 i ^ same feature is also used lor the diagnostic ROM. 
Whenever the CPl I first turns on. the firmware executes a 
subroutine call to a fixed -ad dress diagnostic ROM. If the 
diagnostic ROM has been plugged into one of the HP-41C f s 
ports, it takes over; otherwise, control is relumed to the 
mainframe microcode. (The diagnostic ROM is a tool de- 
veloped to help HP service technicians trnubleshnot a 
malfunctioning HP-41C. This ROM is not available 
to customers.) 
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SPECIFICATIONS 

HP-41C Calculator 



Functions 

ALPHA STRANG CONTROL: Keyboard aSpha mode selection, aiptia mode o«. alpha 

mode on alpha recall, alpha sniff sefr aloha slo*e afcne view append, deaf alpha reoister 
-:u5e 

AUDtBLE BEEPER CONTROL: Bt -.-. i^aepe? 

CONDITIONAL; K = - ? X iteY* X«ff?. X^Y? X^0*> 

CONVERSIONS: Decunar Id octal, degrees to radra*K hours (deeimaij to hours, minutes, 
seconds, hours *Tsnutes seconds :c- hours (decimal, octal to deomal; polar to rec- 
tangular, rectangular to poiar. 

DISPLAY: Append d>splay. deaf display engineering notation, fixed .- 
■ ■: 

EDtTlNGi Back step: crear program, correction Key; delete program memory lines; go to 
line number: go to program name, sirgJe slop, 

FLAGS: Clear program flag, 'flag cigar' lest, "frag dear test and dear; 'flag set res; 
'*!ag set" :es? and ciear set program flag. 

MATHEMATICS: Addition, antrfogarithms (common and natural] : division; exponents 
<y*). logarithms i common and natural] multiplication percent; percent ol change, pi. 
reciprocaJ square, square root subtraction 

MISCELLANEOUS: Advance paper, power ofl- keyboard power on/off; power on (con- 
tinuousj. sniff 

NUMBER ALTERATION: Absolute value; change sign; enter exponent, fractional portion 
of number, integer portion ot numoer. modulo function (remainder), found, sign of x 

PROGRAMMING: Decrement and skip if equal, end of program- execute subroutine, go 
to: go to end of program: mcramenl and skip il greater - label program pack program 
memory, pause, program mode selection; prompt, return, run. stop. stop. 

STACK CONTROL: CEear stack: clear X reg>ster enter exchange X. and any register: 
exchange X- and Y-register; roll down, roll Up; recall Into slack: store into stack 

STATISTICS: Accumulation correction, accumulation; clear statistics registers: lactorial. 
mean standard deviation, statistical register block specification 

STORAGE: Gear all storage registers; LAST-X register recall, recall; size o! register con- 
figuration store storage register addition, division, multiplication and s-itjtraclion; view 
regular contents 

TRIGONOMETRY: Arc cosine, arc sine, arc tangent; cosine, degrees mode, grads mode; 
hours, minutes, seconds addition and subtraction, radians mode; sine; langent, 

USER DEFINED; Assign, catalog list; copy, user mode selection, 

PHYSICAL SPECIFICATIONS: 
LENGTH: 14.4 cm. 
HEIGHT 3.3 cm, 
WIDTH: 7.9 cm. 
WEIGHT: 210 g. 

OPERATING TIME: 9 to 12 months (battery fife dependent upon use; less with plug-msj . 
OPERATING TEMP- to 45 C 

OPTIONAL PERIPHERALS AND MODULES; Memory Module wilh instruction card Card 
Reader wilh owner s manual Printer, complete with iwo rolls o( paper, rechargeable bat- 
teries, recharger and owner s manual Wand, with owner's manual (available early 1930J 

APPLICATION PACS 

Real Estate 

Games 

Aviation 

Thermal and Transport Science 

Home Management 

Navigation 

Structural Analysis 

Clinical Lab and Nuclear Medicine 



Mathematics 

Statistics 

Financial rDaciKicns 

Surveying 

Securities 

Stress Analysis 

Circuit Analysis 

Machine Oesign 
SOLUTION BOOKS 

Test Statistics 

High -Lav of Mam 

Home Construction Es'i mating 

Cardiac/ Pulmonary 

Lending, Saving and Leasing 

Electncal Engineering 

Mechanical Engineering 

Civil Engineering 

Business Statistics; Marketing. Sates 

Chemical Engineering 

Geometry 

Games 

Optometry (General) 
MEMORY AND APPLICATION MODULES 

LENGTH 3.2 cm 

HEIGHT: 10 Cm. 

WIDTH: 2.9 cm. 

OPERATING TEMP: 0' to 45 n C. 
CARD READER; 

LENGTH: 7.29 cm. 

HEIGHT 3 52 cm. 

WJDTH: 7,93 cm, 

WEIGHT 92 g 



Optometry l| (Contact Lens) 
Fluid Dynamics and Hydraulics 
Solar Engineering 
Antennas 

Control Systems 

Surveying 

Physics 

Calendars 

Real Esiate 

Smaft Business 

Heating, Ventrlalmg and Air Conditioning 

Chemislry 



OPERATING TEMP: 10 to 40 C 

OPTIONAL BLANK MAGNETIC CARDS 40 Card Pac mm Holder, 120 Card Pac 
with Holders. 1000 Card Pac 
PRINTER: 

j 2 cm 
HEIGHT; 6.2 cm 
WIDTH 17,8 cm 

( T *iin paper and battery, 770 g 
OPERATING TEMP tc 
RECHARGER POWER REQUIREMENTS; 7W 
CHARGING TEMP- * 15" to 4Q C. 
CHARGING TIME, on- 17 nr; oft-6 hr. 
OPERATING TIME 3-S hr. 
OPTIONAL ACCESSORIES FOR PRINTER: Thermal Paper, Secunty Caole. Recnarger 

Battery Pack, Reserve Power Pacfc. 
PRINTING SPEED 
G-CHARACTER LINES. 120 lines/minute. 
20-CHARACTER LINES; too lines/minute. 
MAXIMUM 24- CHARACTER LINES; 70 lines.- m.nule 
WAND: 

LENGTH 13 Cm. 
HEIGHT- 1.8 cm, 
WIDTH. 2.3 cm at widest. 
WEIGHT 55 g 

OPERATING TEMP: to 45 r C 
PRICES IN U.S.A.: HIMTC CalfiUtetor, S2S&. 82104A Card Reader. S 195. B2143A Printer 
$350. 821 06A Memory Modules- $45 each. 00041-15001 Standard Apphcat -on 
Module, S30. 
MANUFACTURING DIVISION: CQRVAUlS DIVISION 

1000 N.E. Ctrde Boulevard 
Ccrvallis Oregon 97330 U.S.A. 
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Bernard E. Musch 

Bernie Musch's HP career parallels the 
history of HP personal calculators He 
joined the company in 1970 and helped 
design the HP-35. the first H P handheld 
calculator He contributed to the HP-55 
and HP-65, served as project manager 
for the HP-9 1 . and since 1 976 has been 
secUon manager for various handheld 
calculators including The HP^41C Hes 
authored several papers, most recently 
on the calculator business, and gener- 
ated several patents m the areas of 
mechanical design and calculators He 
received his BSME degree from Lehigh 
University in 1964 and his MSME and 
PhD degrees from Stanford University in 1966 and 1970, Born in 
Baltimore. Maryland, Bernie is married, has two sons, and lives In 
Corvailis, Oregon, He's interested in music and sports, is active in the 
American Youth Soccer Association, and serves as scoutmaster of 
the local Boy Scout troop 

John J. Wong 

Mainland China is the birthplace of 
John Wong, who came to California in 
1963 and to Hewlett-Packard ten years 
later, following his graduation from the 
University of California at Berkeley with 
a BS degree in electrical engineering. 
John developed several integrated cir- 
cuits for the HP-25, HP-25C, and HP-27 
^^m Calc-jliiKi^- f ■►?►;-> r e ^coming jnrojec* 
' — I leader for the HP-41C. He later took 

^■^^P over responsibility tor a I ol the HP-41C 
k * electronics as project manager. John, 
who lives with his wife and two children 
in Corvailis, Oregon, spends his spare 
time doing electronics projects at home 
and exploring his interest in photography and hi-fi stereo. 



was the guiding spirit of the HP-41C firmware. Other mem- 
bers of the firmware team were Steve Chou. Gave Daniels, 
Ray Davis, Greg Y\\v t . Boh Worsley. and Dennis York. The 





David R. Conklin 

Dave Conk I in started his ca reer with HP 
in 1975, then resigned to move to Cor- 
vailis, Oregon, only to join HP again 
when the calculator division moved to 
that city While wiih HP's Santa Clara 
Division, he was a quality assurance 
systems engineer and a programmer 
■ on the 5420A Digital Signal Analyzer. At 
the Corvailis Division, he frrst worked 
with the firmware team tor the HP-41C, 
then became project manager for the 
41 C follow-ons in 1979 Dave's BA de- 
gree in mathematics is from the Univer- 
sity of California at Berkeley (1967), and 
his MS degree in computer science was 
completed in 1975 at the University of Santa Clara Dave has also 
worked in programming and systems analysis for nuclear power 
plants and computer-controlled sawmill systems. A member of ACM 
and IEEE, Dave is married and lives in Corvailis. Raising mules and 
applying programmable calculators to problems in pharmacokinet- 
ics are among his leisure time activities. 



math algorithms Were adapted for the HP-41C by Dennis 
Harms and Tony Ridoif'o. Ed Liljenuall was the industrial 
designer. Roger Quick managed the project single- 
handedly in its early stages. Special thanks must go to Max 
SchulJer, whose experienced hand stabilized our course 
during the final push into production. Bernard Tsai was 
and is our production engineer. Ray Tanner wrote the 
HP-41C manual. In addition, there were many individuals 
outside the product development team without whose able 
assistance we could not have succeeded. 
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Card Reader Offers Compatibility and 
Expanded Capability 

by David J. Lowe and Patrick V. Boyd 



MODEL 82104 A CAR] J KKADER, an accessory to the 
HP-41C Calculator, is an adaptation of the card 
reader design used in the HP-65. 67. and 97. l - 2 This 
design has proved effective and provides compatibility 



between the HP-41C and the HP-67/97. Thus the large soft- 
ware library of HP-67 97 programs Is a great asset for the 
HP-41C 
A basic consideration in the 82 104 A design was that the 
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Fig. 1, Model 82104A Card Reader plugs into me HP-41C. it 
will read HP-67 '97 magnetic cards as well as HP-41C cards 

card reader be small enough to plug onto the HP-41C and 
bet, nine an extension of its package, simulating the built-in 
card reader oft be earlier calculators bul having the flexibil- 
ity of an accessory that can be purchased separately arid 
removed at will (see Pig. 1). 

HP-67/97 Compatibility 

The new card reader will read cards written on an HP-67 
or 97 but an HP-67'97 will not read cards written on the 
82104A. When the 82104A is plugged into the HP-41C it 
adds several new functions to the function library of the 
MP-41C, much as new functions are added by plugging in 
application modules, Among the card reader functions is 
the translation routine used to convert HP-07/97 cards. Th is 
routine is transparent to the user and cannot be executrd 
from the keyboard. It is automatically executed when an 
HP- 67,97 card is inserted. 

The firs I information read from a card allows thr i al- 
dilator In decide how to process the rest o! the data on the 
card. In (lie case of ati HP-67/97 card the translation routine 
is executed. Not every HP-67'97 function has a correspond- 
ing HP-41C function and vice versa. When an HP- 67/97 
function and an HP-41C function are close enough the 
translation routine modifies the HlMi7;'97 function to make 
Stan HP-41C function* An example is IheHlMw U7 function 
X^I. In the 1IP-41G there is no register designated I. Any 
register can be used as an indirect register. When the trans- 
lation routine comes across an X%\ it replaces the 1 with 
register 25, which can be used as an indirect register. Be- 
cause the translation routine automatically makes these 
changes it may be necessary to change the user instructions 
of some HP-67''97 programs. User instruction changes for 
HP-67/97 application pats are outlined in an appendix of 
ih 32104A Owners Handbook. 

In some cases neither a direct translation or a modifica- 
tion would allow an HP-67/97 function to be converted to an 
I IP-4 \C function. An example is display formatting. On an 
HP-R7/97 you Specify t he type of display: fixed decimal 
point, engineering, or scientific notation. Then in a separate 
process you specify the number of significant digits or 



digits after the decimal point. On an HP-41C you specify 
both the type of display and the number of digits in the same 
set of keystrokes. It was necessary, therefore, to allow for 
HP-67'97 programs adjusting the significant digit count 
without changing the display type. This was done by add- 
ing these functions to those in the HP-41C mainframe. 
Whenever you plug an 82104A into an HP-41C you add a 
new set of functions that are direct implement at ions of 
HP-67 97 functions that could not otherwise be translated. 

Hardware Improvements 

In the process of adapting the HI \7 card reader 

design to the HP-nC an effort was made to improve on as 
many features of the design as possible. One of these im- 
provements involved the switches that detect the position 
of the card as it passes through the card chamber. In the old 
design, space was at a premium, forcing the switches to 
make very little movement in going from open to closed 
position. The switches had to be carefully adjusted as they 
were installed in the factory, The 82 104 A overcomes this 
problem of switch adjustment with a new switch design 
that uses buckling columns instead of cantilever beams 
[Fig, 2). The actuating motion of the switches is greatly 
increased, making adjustments unnecessary. The switches 
are independent {separate) to avoid thr coupling problem of 
the rarli cr design, which incorporated all the switches In 
the same piece of metal. 

The requirement that any 82 104 A plug iittq any HP-41G 
dictated another improvement* this one in the control of the 
motor speed. The subtle differences in HP-4IQ> make it 
mandatory that the card reader itself maintain tight toler- 
ances. Where the previous motor speed control was open- 
loop, the new design closes the loop, providing feedback 
control. The principle is the same as that used to control the 
motor speed accurately in the printer of t lie HP-Q7, The 
motor is driven with a ptilse train, and the pulse duty cycle 
is varied by the feedback loop, maintaining constant speed 
even when the load on the motor varies. 




Fig. 2. A new card-detection switch design eliminates critical 
adjusting* 
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Minimizing Power 

Power consumption was a major consideration. While 
the HP-4K- Lisas very little power, the card reader with its 
motor and circuitry to drive the magnetic head consumes 
large amounts of power, To cut power consumption to a 
minimum, the circuits that uses the most power are pow- 
ered only when a card is in tiie card chamber. The switch 
that indicates the presence of a card is also a power switch. 
Hi us, the time that I he card reader is drawing energy from 
the batteries is measured in seconds instead of weeks 

Besides the problem of average power, there is the prob- 
lem of peak power, such as the power surges required to 
start the motor. Accommodating these peak drains on Ihe 
battery required the isolation of all circuits that were sensi- 
tive to dips in battery voltage. 

Low-Battery Software Control 

To further exlend card reader usability with a set of old 
batteries, software controls power use by pulsing the motor. 
When the batteries approach the low-battery state, software 
begins to turn of] the motor fur short periods of time to iower 
the motor duty cycle and decrease power consumption, 
giving the batteries more time to recover between pulses, As 
the battery voltage drops lower and lower the mot or off time 
increases. Even though the motor is being turned oil lor 
shorl periods as the card goes through, it is easily possible 
to have a correct read, and the difference may even be 
imperceptible to the user. The 82 104 A verifies a good read 
on every card by computing a checksum during each card 
pass and comparing il lo the sum recorded in the last 28 bits 
Of information on the data track. To tell ihe user what is 
happening, th© message LOW HAT is displayed at the end of 
any read in which the motor has been turned off, whether 
the read was good or bad. Many good reads may be possible 
when the batteries are in this condition. 

Because there is no way for the calculator to check to 
make certain thai the information it triad to write on a card 
got recorded correct ly. I here is a chance that bad or incom- 
plete information could be written when the motor is 
pulsed under a low-battery condition. To be safe. thereluM 
the calculator aborts a write session as soon as 11 is discov- 
ered that the batteries may he loo low to complete the write 
under normal conditions. 

Writing consumes more power than reading. Because of 
the internal imped autre of the batteries, they appear to be at 
a lower voltage during a w r rite than during a read. This 
means that, even though there is not enough energy in the 
batteries to finish a write operation, there may still be 
enough for several more successful reads. Internal impe- 
dance of the batteries also accounts for the ability of the 
calculator to operaLe well alter the batteries have dis- 
charged below the point where they will operate the card 
nailer. 

New Functions 

Several new functions have been added to the 821 04 A to 
make it more powerful and useful than its predecessors. 
Programs may be executed automatically as they are read 
In, If Flag l 3 is set when a program is recorded on a card. 
that program \s marked for automatic execution. Thereafter, 
each time the program is read in. it will begin to execute as 



soon as the read is completed. 

Data cards will hold 16 registers per side, or 32 per card. 
The data may be taken from or returned to any portion of 
data memory, as directed from the X register (display) with 
the IYDTAX and RDTAX functions. 

The status of flags and key assignments of the HP-41C can 
be preserved using the WSTS function. The flags are re- 
corded on the first card side r and key assignments are re- 
corded on subsequent sides as necessary. The display 
prompts the user for the appropriate number of cards using 
the format RDV kk of nn, where nn is the total number of card 
passes [tracks] required to complete the sequence and kk is 
the lowest unread track number fa track is one side of a 
card), The prompt is displayed in bolh read and write se- 
quences. Write sequences can be aborted at any rime with- 
out memory loss. RSTS can be aborted after the first (flags 
only) card pass without penalty. If desired, all RAM regis- 
ters (8(1 in the mainframe. 64 per module) may be dumped 
onto cards using the WALL function. 

Cards are protected from accidental overwriting by the 
traditional corner clip, However, protected cards may be 
overwritten by selling Flag 14 [SI 14) before imitating a 
write sequence. The flag is automatically cleared if the 
sequence is either completed or aborted. 

Cards can be verified for proper data and identification by 
executing the VER function. Each card will be identified as 
to type (HP-67, status, program, data, WALL) and Irack 
number (1-15], and the checksum verified to insure that a 
proper write lias taken place. VER does not all er any slat us, 
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Atter completing his BSEE degree at 
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Pat Boyd was born m Reedsport, Ore- 
gon and attended Oregon State Um- 
f versify, graduating in 1973 with a BSME 

degree After three years doing 
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data, or programs in the calculator. The check that is made 
is the same as that made during a read. By using Y r ER, it is 
possible to insure that a card will read in properly without 
disturbing the calculator, 

Acknowledgments 

Special thanks goto Dennis York and Steve Chou for their 
help with this article. D* is responsible for the 

software translation routines that give the 82 104 A com- 
patibility with the HP-67 97 card readers. Steve's responsi- 
bility was the software for the remaining routines. These 
include the functions the user accesses during card reader 
use. Others involved in the design of the 821 04 A were Tom 
Peterson, who worked on the case design. George Custer. 



who helped keep us organized in the final stages of the 
design. Bill Buskirk. who assisted in the electrical designs, 
and Bond Ying. who assisted with the CMOS ICs, Charlie 
Allen was the industrial designer Recognition should also 
be given !o the numerous support people who made it 
possible to get this product into production. 



References 

1 K.H, Taggart. DesigJ - my Magnetic Card Reader." 

Hewlett-Packard Journal , May 

2. PXk Dickinson and W,E. Egbert /'A Pair of Program-Compatible 
Personal Programmable Calculators/' Hewlett-Packard Journal. 
November 1976. 



Evolutionary Printer Provides 
Significantly Better Performance 



by Roger D. Quick and Donald L Morris 



PRINTED 01 nfPUT is a highly desirable adjunct to a 
programmable scientific calculator. As computing 
power, program length, data capacity, and com 
mimical inn ability nit increase, a printed record becomes 
a neci^sih for many users oi such ealcuiai' 

As the power of the: calculator increases, so most the 
abi lilies of [he corresponding printer. To give the usei 
maximum flexibility, a peripheral printer was rhnson for 
the HP-4 1C;. 'Hi is separation gives the user I lie portahiliK o\ 
a handheld calculator and also mainlains briefcase portabil- 
ity for the calculator/printer system. The new printer, 
Model 82143A, Fig. 1, contains its own re* hargeable bat- 
teries, and measures in x it ■ 6 cm. 

W'itti earliej I [P programmable printing calculators, such 
as the IIP-97J the printer was able to record numbers, 
listings of programs, and tfaetiace oi in executing program, 
The >i-\4 \A Prtiitei makes fhese rrecoriis and more- it can 

label numeric: output with meaningful words ami pitta 
has access to 127 standard characters, makes normal and 
condensed program Listings, can create its own characters, 
and gives the f IIM I C user a graphics capability through the 
printer's plotting functions, Thus the 82143A adds Func- 
tional capabilities to the HP-41C $ystem in addition to Its 
normal printed record function. 

The82i4i.\ printer is simitoto other HP-41Caceessc 
in that the mainframe calculator is not burdened, either in 
ROM space or in execution time, by the existence of acces- 
sories. When the prinler is plugged ire firmware in ROM is 
added to the HP-41C system bus. This additional ^vstem 
ROM is contained in lliett^H.'iA module thai plugs into the 
HP-41C. Thus i onnei ted, the printer <n\i\x 24 functions to 
the matnl mum's, ivjirrti ii re, ami has access to a 11 capabilities 



of the mainframe. This closely linked architecture makes it 
possible for I he HP-41C to display printer error messages, to 
treat the PRINT key on the printer as it that key were on the 
IM'-nC keyboard, and to have HP-41C functions such as 
AVLEVV print whenever there Is an operational printer at- 
tached. These friendly capabilities give the HF-41C/02143 A 
system attributes similar to a package-integrated svslcm 
like the HP-97 without assuming thai all users want all the 
jjim es all the time. 

Printer Features 

The printer has its own power light and a low-battery 
light. A portion nj the printer ROM is under calculator 
pi ik essor control, allowing the 1 1P-41G Calculator display 
to be used to output printer messages, such as OMT OF 
PAPER or PRIM KK I )l I wlmn ,in attfctnpl is made to execute a 
prinler Junction under such conditions. The printer also 
hasa five-position print Intensity control switch that allows 
the user to adjust the print density fay direct control of the 
voltage applied to the printbead. 

The new printer is much faster than earlier designs. The 
improvement was accomplished by means of an encoder 
feedback loop, a sophisticated print head drive, ami a soil 
printing platen behind the paper, Also, a significant im- 
provement in program listing speed med by giving 
the user the choice of three program listing formats. 

Program Listings can be generated by the functions i J KP 
and NST. PRP prints the whole program and LIST prints only 
the specified p-u-t of a program. Hot It PHP and LIST can 
generate all three formats: left justified, riglil justified 
(which is faster and allows labels to be Inimd more eusih i. 
and ri condensed format I hat prints several program ships 



MARCH 1980 HEWLETT-PACKARD JOURI 1 5 



)Copr. 1949-1998 Hewlett-Packard Co. 




Fig, 1 , The printer for the HP-4 1 C 
Calculator is an accessory that 
plugs onto the calculator. 



per printed line and results in program listing speed of 
about three times that of the other options. 

Several advanced printer I unci ions are programmed into 
the new printer. By setting Flag 12 on the HP-41C, the 
printer can be put in the double- wide mode. While in this 
mode the columns of dots making up the 5x7 dot matrix 
letters are each printed twice. Thus the printed characters 
are twice as wide as the normal printing mode, Lower-case 
letters can be printed by setting Flag 13 on the HP-41C. 

Customized Printing 

The new printer's four accumulate functions allow the 
printer's internal RAM to be used as a huffer for characters 
to be printed. In this way characters can be transferred from 
the HP-41C into the printer al any time during program 
execution, 

The accumulate X and accumulate alpha functions (AC.ZX 
and AC:A) transfer the contents of the X or alpha registers to 
(lie printer buffer. This function allows mode changes 
within a printed line, Characters can be changed from 
upper-case to lower-case or from normal to double- wide. 
For example, if the name ''James" were lobe printed, the "J" 
would first be sent to the printer huffer from the calculator 
using the accumulate alpha function, The lower-case mode, 
Flag 13. would then be set before the ,L ames ,+ is accumu- 
lated to the printer buffer, The accumulate X function can 
be used to print several numbers on the same line to format 
columns of numbers as output. The accumulate X function 
can also be used in conjunction with the accumulate alpha 
function to produce a mixed format of alpha and data — for 
example. "PRICE - $50.00." 

The accumulate character function (A(XHAR) allows ac- 
cess to characters {Greek, European, etc) not directly acces- 



sible from the HP-41C keyboard. This function can be used 
with other accumulate functions — for example, ,1 Ri = 
62Kn M or "COST = £ 5U. M 

The accumulate column function (ACXOL) gives the user 
complete control over the printed output. With this hi no 
tion the columns making up the character dot matrix can be 
controlled individually .allowing the user to define up to 4x3 
columns per line. These columns of print can be used to 
define unique symbols or characters, for example, s 6^? . 
QC -.'■ or" -ftp J " 

Another way to define special characters is by means of 
the functions BLDSPECand ACSFEC These allow the user to 
create and print characters consisting of any desired pattern 
or i lots on a 7x7 matrix. Once created with BLDSPEC, these 
special characters can be stored in data registers in the 
HP-41C The Japanese character set shown in Fig. 2 was 
created with BLDSPEC. In a standard character the outside 
columns of the 7X7 dot matrix are blank, but special charac- 
ters using all seven columns can be placed adjacent to each 
other to form larger characters or to do graphics, as shown 
in Fig. 3. 

PRPLOT is an interactive plotting function that asks lor 
the name of the function to be plotted and the plot scaling 
information and generates a complete labeled plot of the 
function, PRPLOTP is a noninteractive version of PRPLOT 
that takes its information from registers in the HP-4IC The 
functions PRAXIS, RKCPLOT. and STKPLOT help the user 
construct customized plots of single-valued functions. A 
special (user-defined] character may he used with any of 
these plotting functions. The function SKPCQL allows the 
spacing of characters to column-position resolution 
(maximum field width is 168 columns]. This is useful for 
plotting functions and lor positioning graphics or labels, 
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Fig. 2. Printer has functions (hat allow the user to define 
special characters like this Japanese charaar- 

Inside the 82143A 

The H 2 143 A is a battery-operated thermal printer capable 
of delivering 24 characters per line at a scan rate of 60 
characters per second while acting as a peripheral device to 
the HP-41C Calculator system. The nominal line rate of the 
printer varies from 130 lines per minute lor lines of in 
j baract©rs or less to 713 lines per minute for 24-character 
lines. Communication between the 82 143 A and the control- 
ling HP-41C is accomplished through a seven-line serial 
interface. 

Fig. 4 is the printer block diagram. The power system 
centers on a variable vol (age source (14-18 volts), whii h 
drives the thfifinal printhead at a power level selected by the 
user-adjustable print intensity switch. An additional fixed 
five- volt supply provides power to the microprocessor and 
other internal logic. A rechargeable n J eke I -cadmium bat- 
tery acts as the energy storage medium. Power-on circuitry 
protects the thermal printhead from excessive power dur- 
ing turn-on. 

The HP-41C Calculator and the 82143A Printer are linked 
together via the calculator's plug-in module, which con- 
tains the pri nter ROM chip and the interface chip, file hub 
of the printer electronics is the3H70 microprocessor, whir .1 1 
performs such functions as interfacing with the IIP-41C 
monitoring the front control panel, processing the encoder 
and home switch signals, and driving the printhead and the 
dc motor. The internal structure of the 3870 includes a CPU 
section, 2K of designer-programmable ROM, fi4 bytes of 
RAM. and both a timer and an external interrupt. The mi- 
croprocessor requirements of the H2143A printer use all of 
the 387CTs capabilh 



the characters and commands transmitted by the HP-41C. 
The line buffer is organized as a 42-byte, firsldn first-out 
buffer and may contain any number of printable lines. As 
information contained in a particular buffer location is used 
during printing, the buffer location is immediately availa- 
ble for new incoming data, thus creating a pipeline effect. 
Whenever this buffer contains a printable line, the 3570 
applies a forward drive signal to ihe motor causing the 
printhead to move leftward away from its home position 
(located on the right side of the mechanism with the home 
switch closed}. As the home switch opens, the micro- 
processor computes whether any leading blank columns 
are required during this printed line. Each column across 
the paper is synchronized with an external interrupt pulse 
generated by the rotary encoder. At the appropriate column, 
the 3870 recalls from its line buffer the character to be 
printed and looks up the corresponding character pattern 
one column at a time. 

"I lie thermal printing is accomplished by the active bi 
ing and passive cooling of seven individual printhead resis- 
tors, each powered by a high- current driver controlled by a 
microprocessor line. The controlled pattern of turning each 
resistor on or off as the printhead scans across the paper 
generates the characters one vertical column at a time, I 1 he 
printing time for each column commences with an encoder 
pulse and halts a fixed time later [1,2 ins). This technique 
makes critical control of the printhead speed unnecessary, 
since the encoder guarantees no error ac cumulation from 
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How It Prints 

The 3870 microprocessor stores within its line buffer all 



Fig. 3. Special characters can de used tor graphics < as 
.vn hers. 
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one column to the next. 

The microprocessor controls the forward linear print- 
head speed by holding the time between consecutive em 
i odei pulses constant (2.4 ms] Depending on the last time 
between encoder pulses, the motor either remains on, is 
turned on [too slow), or Is turned off (too last) until the next 
encoder pulse occurs. Whenever a printed line is com- 
pleted, the microprocessor brakes the motor and then 
applies a constant reverse motor signal driving the print- 
head towards its home position at maximum speed. Once 
I lie home switch closes, the :*H70 brakes the nmtor and 
awaits future printing. On the return stroke, a mechanic il 
system advances I lie paper in preparation tor the next line. 
This mechanical paper advance requires a minimum linear 
printhead travel of ten character positions tor any line. 

Variations oi normal character printing occur if any com- 
bination of the printer's special modes is active. If the 
double-wide mode is selected, all columns, printed or 
blank, assume a width of two encoder pulses, resulting in a 
maximum of 12 double-wide characters per line. Whenever 
the lower-case alpha mode is active, any normally upper- 
case alpha character is converted to its lower-case equiva- 
lent, During column printing, the data contained in the 
3570'a line buffer no longer represents a character, but 
instead represents a binary -coded combination of resistor 
dots to be printed during a particular column. Since the 
commands thai activate these special modes are stored in 
the 3870/s line buffer, a number of different (nodes may 
appear in any one printed line. 

Print Quality 

Psdril 'nudity in any printing system is a subjective charac- 
teristic. However, several key parameters can be identified 
that, we think, always contribute to overall Quality.-. 

A subtle but very desirable characteristic in a dot matrix 
system is consistency oi column-to-column spacing within 
a character. This is enhanced in the 82 143 A by an optical 
position encoder consisting of a light emitter-detector pair. 



a reflective wheel, arid u comparator. Since linear head 
motion is mechanically linked to the rotary motion of the 
reflective wheel, pulses generated by the encoder corre- 
spond to equal head-position intervals. The length of these 
intervals is determined by the angular distance between 
teeth on the reflective wheel and is set so that a pulse occurs 
each time a column should be printed. In addition to main- 
taining column-tO'Column spacing within a character, tire 
encoder also guarantees ehmracter-to-character spacing 
consistency because intercharacter distance is an integral 
multiple of column spaces. The mechanical home switch 
on the printer mainframe provides synchronization fc] 
line-to-line alignment of characters, thus preventing mar- 
gin irregularities. 

\i die high printing speeds of theH2143A tbeelements of 
the printhead do not have time to cool between column 
times. If equal power were applied for the first and succeed- 
ing pulses, thermal integration would cause the following 
dots to be darker than the first. To avoid this problem, the 
3870 processor shortens the pulse width and thus I hi' total 
energy applied to previously fired resistors. This reduction 
in energy results in nearly equal peak element temperatures 
and consistent dot development regard J iss of the print- 
head's history. 

Since the quality of dot development relies very heavily 
on good headipaper contact, a prime focus of design activity 
was the soft platen fnr the H2143A. Thesolt platen provides 
a pliable surface to allow intimate contact between the 
paper and printhead. A die-cut strip of 0.8-mm-tbick 
silicone rubber was chosen for the platen because ol d s 
excellent resilience and negligible plastic set over the full 
operating temperature range. It is backed up by an extruded 
aluminum platen support that is flat and stable under all 
operating conditions. The two are bonded together by a 
self- level ing adhesive. A thin piece of TFK-impregnuted 
fiberglass i loth tS draped over the platen surface, allowing 
the paper to pass between the scanning printhead and the 
silicone rubber platen without sticking. 
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Speed 

A critical factor limiting printing speed is the theraia] 
response time of the printhead. For short times 11-5 ras], the 
thermal conductivity and capacity of the glaze material on 
the printhead determines the time lag between the com- 
mand to print and the appearance of the mark on the paper. 
Reducing the thickness of the glaze barrier proportionately 
increases its conductivity and decreases its capacity* thus 
lowering both the heating and cooling time of the elements 
and enabling higher print speeds. On the other hand, a 
thinner glaze results in a lower peak asymptotic tempera- 
ture arid forces an increase in input power to achieve print- 
ing temperature. The 82143A compromises by making the 
glaze thickness 0.038 mm, half that of the HP-97. Response 
time was decreased by a factor of four with very little addi- 
tional input power required. 

If the low- voltage [5 V battery) printhead drive scheme in 
the HP-97 had been scaled to handle the increased current 
levels required for the 82143A's higher print speed, the 
internal impedance of the battery, transistor saturation volt- 
ages, and transistor base currents would have posed effi- 
ciency problems. For tuese reasons* the printhead resis- 
tance w T as changed from 10 ohms to 85 ohms and a switch- 
ing power supply was added to raise the nominal printhead 
voltage from 5 volts to 16 volts. Since a large output filter 
capacitor (1000 /u,F) supplies peak printhead currents, the 
16- volt power supply need only deliver average current. 
thus reducing maximum battery current from peak to aver- 
age, Ln addition, the combination of higher printhead volt- 
age and resistance reduces current levels, allowing smaller 
and cheaper drivers, These design modifications more than 
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Fig. 5. Staftd&fti HP-4 1C printer character set 
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compensate i'ur the 20% efficiency loss in the switching 
power supply. In addition, the output voltage of the power 
supply is switch programmable, providing the user with a 
print intensity control, 

Noise 

Mm tp the increased printhead velocity, the gear drive 
from the HP-97 would have generated an unsatisfactory 
noise level. To overcome this potential problem, the gear 
drive has been replaced by a new reduction drive that links 
thi' motor pulley to the lead screw pulley via a molded 
Hhylcne propylene G-ring beit, This belt eliminates gear 
chatter and passes extensive environmental and life tests 
without breaking or deteriorating. 

Further noise reduction has been achieved by lowering 
the frictional forces and improving the wear characl eristics 
of the mechanical system. Applying a break- in oil to all 
moving parts at assembly reduces start-lip friction and ex- 
tends mechanism life by ensuring uniform wear-in. To 
minimize frictional drag, the material nf t he printheail i a-p- 
riage has been changed to a TFE-and-silicone- filled nylon, 
and a self-lubricating aoetfe] llirnsl washer has been in- 
serted between the aluminum pulley and the plastic 
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printer housing. 
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Bulk CMOS Technology for the HP-41C 



by Norman L Johnson and Vijay V. Marafhe 



COMPLEMENTARY METAL-OXII1K semiconductor 
(CMOS) technology plays an important role in 
many recent HP products, Most of the.se products 
use the silicon-on-sapphire (SOS) form of this integrated 
circuit technology. However, there is another form: 
bulk CMOS or CMQS-in-$ilicOG. 

Recognizing the need for a very-law-power IC technology 
for its handheld calculators, HP's Cnrvidlis Division under- 
took development of a bulk CMOS process jointly with the 
integrated circuits laboratory of IIP Laboratories. HP's cen- 
tral research facility, Two handheld calculators, lbeHP-29C 
and the HP-19C have used a CMOS memory chip lubricated 
at HP Laboratories. 

The new HP-41C represents the first full-scale HP appli- 
cation i»l this hulk CMOS process. To fabricate the HP-41C 
chip set, a modern, automated facility controlled by a cen- 
iial process conlrol system has been set up at the Curvallis 
Division. Computer-controlled diffusion furnaces tied to 
the central computer are used extensively, providing pre- 
cise control of the diffusion/oxidation steps for high- 
volume production. These furnaces also lend themselves to 
i] Li irk process modifications when required. 

The major advantage of CMOS is its very luw power 
dissipation, particularly in standby mode; a CMOS chip can 



retain data with its operating voltage reduced d radically, \n 
this state the current drawn from the power supply is just 
the reverse-bias leakage currents of the semiconductor 
junctions. CMOS also has an inherent speed advantage over 
its cousins. PMOS and NMOS, because both kinds of active 
MOS devices, P -channel and N-channeh are present. Thus a 
node can be actively pulled either up to +V (:{ or down to 
ground. Another advantage is that studies have shown that 
the duty cycle of a typical CMOS node within a calculator 
processor chip is only about 1%, even in an operating mode; 
this helps minimize power consumption in lhal mode, All 
of these factors contribute to fonjg battery Life in a calculator 
usio^ CMOS chips, 

A disadvantage of CMOS is its packing density. The 
number of gales per square millimeter is lower in CMOS 
than in NMOS or PMOS, This mainly a flee Is the system 
partitioning. CMOS processing is also inherently more 
complicated than either NMOS or PMOS processing. Spe- 
cial techniques developed for the CMOS process used in the 
HP-41C are aimed at reducing the impact of both of these 
disadvantages, 

Process Description 

HP's bulk CMOS prot ess oses local oxidation of silicon to 



Silicon Dioxide 



Silicon Nitride 




Fig. 1. CMOS integrated circuit production begins with im- 
plant drive -in and field oxidation steps. 
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Fig. 2. Poiysificon gate definition is next. Then the gats oxide 
is etched away and the P-t- and N+ source and dram 
ssons are done (see Fig 3). 
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attain a more planar topology thai lends itself to easy metal 
coverage and to maximize devii e density. Without local 
oxidation another masking step would be requi red. and P - 
and \- guard rings would also be needed to prevent 
parasitic leakage paths. The source and drain diffusions are 
partially separated by the field oxide, which provides an 
additional margin against adjacent diffusions punching 
throi. 1. 2. 3. and 4 show the device cross-section 

after various processing steps. 

P-weli doping (Fig. 1 J is accomplished by using ion im- 
plantation techniques. This results in well-controlled 
characteristics of the N-channel devices. Self-aligned 
polysilicon gates (Fig. 2) are used to minimize the gate-to- 
source or gate-to-drain overlap capacitance, thus enhanc- 
ing the performance of the MOS transistors. The polysilicon 
is heavily doped in the field region and serves as a layer oi 
conducting interconnect in addition to the metal. 

The intermediate oxides in this process are deposited 
using the low-pressure chemical vapor deposition [LPCVD] 
technique, which provides improved oxide integrity and 
excellent step coverage, The resultant oxides are also more 
dense, which helps in contact-mask oxide etching because 
denser oxides have a lower and more controllable etch rate 
than other forms of deposited oxides. Different oxide 
thicknesses over the various contacts makn Him cnntact- 
mask etch a critical step that needs and receives close 
scrutiny. 

The passivation layer to protect the circuit on the chip is 
plasma-deposited silicon nitride, which results in a protec- 
tive barrier impervious to humidity and ionic contamina- 
tion, This was needed to ensure the long-term reliability of 
I he ICs in a hybrid or plastic package. 

The well-being of the entire process is monitored by 
probing five test chips on each wafer. These test chips yield 
valuable information about device parameters such as de- 
vice threshold voltage, junction breakdown voltage, and 
junction and parasitic leakage currents, along with data on 
;lm i r oxide and metal step coverage integrity, and so on. The 
test chip usually provides the first hint of a process mal- 
function and in a nun net I tnnde ^ives statistical information 
on the process For trend -charting, M is also sometimes used 
Ioj verifying circuit design concepts- 
Preventing Latch-up 

Latch-up via parasitic PNPN transistors is a very common 
problem in all CMOS processes and special techniques 
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Diffused Implant 

— 










F i g . 4. M$ i a n terconnection pa Hem is added to complete the 
CMOS structure. The final layer, the passivation layer t is not 

shown 

have to be implemented in both circuit design and process- 
ing to minimize its impact, Pig. 5 shows the cross-section 
and equivalent circuit of these tour- layer devices. 

Normally the PNP transistor (formed by the P+ diffusion, 
the N- substrate, and the P well] and the NPNf transistor 
(formed by the N- substrate, the P well, and the N-*- dittu- 
are biased off. When abnormally high currents are 
presenl in either the P well or the substrate, the emitter 
[unctions can be forward-biased, thereby turning on the 
parasitic PNPN device. 

Sensitivity to latch-up is reduced in two ways. The first is 
by increasing the spacing between the P +■ and P- well junc- 
tion lo reduce the gain of the PNP transistors, The second is 
by ensuring that the P wells are adequately grounded. 
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Fig. 3, After the P+ and N+ diffusions, more oxide is de- 
posited over the P -channel and N- channel devices. 



Fig, 5. Cross-section and equivalent circuit of the parasitic 
PNPN devices that cause fetch-up. 



MARCH 1900 HEWLETT-PACKARD JOURNAL 21 



)Copr. 1949-1998 Hewlett-Packard Co. 



Norman L. Johnson 

Born in Sioux Falls, South Dakota. Norm 

Johnson received his BSEE and MSEE 

H Jm ^^^^* degrees from tie South Dakota School 

1 I of Mines and Technology in 1966 and 

j* "^ ^5/ 1 967 respectively . His PhD degree in 

yjt electrical engineering is from Oregon 

State University (1974). With HP since 
1977. he worked on several of the 
HP-41C CMOS integrated circuits, in- 
cluding theCPU and display driver Be- 
fore coming to HP he was a process 
development engineer working on 
MNOS N-channel SOS, and N-channel 
silicon gate integrated circuits. Married 
with two sons and living in Corvalhs, 
Norm and his family enjoy outdoor activities and camping in the 
beautiful Oregon countryside. He also does woodworking. 



CORRECTION 
Sharp eyed readers may have nor.ced in ; asi monih s issue ttiai the crawrg of the &45QA 
aplical system (Fig 1, page 17) contained soma, kiewor* errors That escaped even Ine 
authors' Dv'Oot reading. The reference ana sample beams actual 1 '/ retieci o-f ail three o " m 
respect ve cude corner mirrors instead a! passing flif-oiigli the third ere as shewn ■ 
ret'jTn beam 'r^m ihe re'fi rerr.cn cube corner mirrors aci.ia ly ■;.: ; • ;ence window 

not through rl as shown 
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The First HP Liquid Crystal Display 

by Craig Maze 



LIQUID CRYSTAL DISPLAYS arc used in cateulators 
largely because of their inherent low power dissipa- 
tion and low voltage require in en Is. Other factors 
contributing to their expanding use in calculators and 
portable instruments are the ease with which different 
character sizes and shapes can be produced inexpensively 
and LCDs' good visibility under conditions of high am- 
bient lighting, 

The display used in the HP-41C is a multiplexed, twisted 
nematic LCD with a twelve-character alphanumeric capac- 
ity. It operates from to 45°C with electrical compensation 
of the drive voltage to correct for LC property variations 
with temperature. 

LCDs are optically passive in that I hey do nut generate 
light to produce contrast, Operation of the device depends 
OB the ability of the LC to rotate plane polarized light rela- 
tive to a pair oF crossed polarizers attached to the outside of 
the display. Rotation of the plane ni polarization is a func- 
tion oil he applied field and decreases with increasing field 
or voltage. The following brief discussion of LC properties 
and display construction will serve to explain how a 



twisted nematic LCD works. 



Nematic Liquid Crystal 

Nematic liquid crystals are ordered fluids whose 
molecules lie parallel to each other with their centers of 
mass randomly distributed, They are organic compounds 
and their molecules are rod-like in overall shape. The word 
"nematic" cumes from the Greek H nema ,h r meaning 
ki thread-like/ + A thread-like pattern is observed win ti 
nematics are viewed through a microscope under polarized 
tight. The difference between nematic and ordinary fluids 



Crystalline Solid 



T H , 



Nematic LC 
(1-D Order) 



Isotropic Liquid 
[Random Order) 



Fig. 1, Nernauc liquid crystals are ordered fluids whose 
molecules lie parallel to each other. "Nematic" means 
r 'ihread -like," 
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(JJ) Pentyl[cyanophenyl)cyclohexane (n=5) 

Fig, 2. Structures and properties of two commercially at 3 - 
bfe nematic liquid crystal materials. The HP-41C display uses 
four compounds similar to type I, 

is illustrated in Fig. 1, 

Nematic: liquid crystals are formed by melting otherwise 
ordinary crystalline solids. Unlike most solids, which 
transform into isotropic liquids upon melting, a nematic 
liquid crystal passes into an ordered phase at temperature 
T K *j. Additional heating, to T\j E , the clearing temperature, 
will cause the nematic to undergo another phase trans- 
formation where molecular order becomes random. To an 
observer, the solid wit] Iransform into a milky, light-scat- 
tering fluid at T KN and then become clear at Tjsj[. Cooling 
reverses the sequence of transformations. 

Nematic liquid crystals have one-dimensional, long- 
range order, are uniaxial crystals, behave like liquids, and 
possess elastic properties, Two examples of commercially 
available liquid crystals along with transition temperatures 
and dielectric properties are shown in Fig, 2. 

The HP-41C uses a mixture of four liquid crystals similar 
to type I of Fig. 2. Niulti component mixtures are necessary 
because no single compound lias ;m appropriate nematic 
temperature range lor use in products. In the case of the 
MIMIC* the nematic range is - 10 tof5f.l C, Specified display 
operating temperature limits are always well within the 
nematic range. The ability oi u display to perform at low- 
temperature is usually limited hv increasing viscosity and 
attendanl slower on -off response, anil 061 hy freezing of the 
liquid. The upper bound results from highly nonlinear var- 
iations in LC properties with temperature, making compen- 
sation in the drive circuitry too complex. 
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'Inside surfaces of glass coated with a patterned, 
transparent layer of indium and tin oxides. 

Fig, 3. Construction of the HP-41C liquid crystal display. 

To facilitate further discussion it is convenient to define a 
unit vector, called the director, which is parallel to the long 
molecular axis, LC structure and molecular orientation in a 
liquid crystal display can be discussed in terms of director 
orientation. 

Dielectric anisotropy (e,, - £j is positive for LC mate- 
rials of types 1 and II and for mixtures used in twisted 
nematic displays. The largest component, e M . is parallel to 
the director, Three elastic constants can be defined for 
nematic substances and used to describe the forces required 
to displace the director from its equilibrium position. These 
constants are many orders smaller than elastic moduli of 
ordinary solids. Even though small, a static: balance be- 
tween elastic and dielectric torques arises when a field Is 
applied to an LCD. This balance produces a well-defined 
molecular structure that determines the degree to which the 
plane of polarization is rotated in a display. 

Display Construction and Operation 

Construction of the HP-41C display is depicted in Fig. :t, 
and Fig. 4 is the process flow sheet. The display is a parallel 
plate capacitor will] polarizers bonded to the external sur- 
faces. The two glass plates are separated by about ten mi- 
crometres and sealed with a vitreous glass frit. Liquid crys- 
tal fills the space belween the plates, and the molecules are 
oriented vvilh their directors in the plane of the substrate, 
llii' flireclors arc also aligned parallel to the axis of the 
polarizer attached to the outside of lltH adjacent L^lass. A 
90-degree director tu isl results with nematic order produc- 
ing a uniform change across the liquid crystal layer, This 
structure is shown in Fig. 5a. 
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Fig, 4, HP-41C liquid crystal display manufacturing process 
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Light passing through the first polarizer rotates 90 de- 
grees as it passes through the LC layer. As a consequence it 
is aligned with the second polarizer, passes through, re- 
flects, and propagates out unattenuated. The entire display 
appears light gray as a result of polarizer and reflector tints. 
Application of a voltage across the LC causes the directors 
to rotate so they are parallel to the applied field. At a suffi- 
ciently high voltage, alignment is nearly parallel as shown 
in Tig. 5b. The 90-degree director twist is eliminated, for all 
practical purposes, and light propagating through IheLCis 
absorbed by the second polarizer. Dark digits appear in the 
active areas* 

Director tilt increases with increasing voltage, and as a 
consequence, contrast develops first a1 louer voltages at 
shallow viewing angles, As shown in Fig. 6, brightness 
decreases at lower voltages at a 40-degree viewing angle 
compared to the curve representing zero- degree behavior. 

Multiplexed displays operate with voltage applied at all 
times. To be off, nonselected elements must be above 90- 
percent brightness, and for I he HEMIC, this is required to 
extend over a 40-degree angle. These two factors define the 
rms off voltage, as shown in Fig. 8. Good viewing also 
dictates that brightness be 50 percent or Jess tor selected 
elements over the same 40-degree angle, and this voltage is 
also shown in Fig. 6. 
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(a) LCD off. molecules oriented by surface 
forces and twisted 90 degrees 
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(b)LCD turned on. molecules tend to align 
with directors parallel to E-field, 



Fig. 5. bquid crystal display behavior in the on and off states 
(a) When the display is off, the molecules are oriented by 
surface forces and twisted 90* from the top of the display to the 
bottom The display appears tight gray, (b) When a voltage is 
applied, the molecules tend to align parallel to the applied 
electric field. Light is absorbed by the bottom polarizer and the 
display turns dark m the active areas 
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Fig, 6, Electro-optical response of a twtsted-nematic LCD at 
two viewing angles 

A small V (m Y n | t ratio is desirable for good optical per- 
formance for an LCD operating in the multiplexed mods, 
Proper selection of the LC material, care in LC surface 
alignment, and care in maintaining proper cell spacing all 
serve to maximize viewing angle and contrast for a given 
application. 
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High Density and Low Cost with Printed 
Circuit Hybrid Technology 



by James H. Fleming and Robert N. Low 



OW THE MAJUK advantages of the HP~4 i 
tem is its compact size. To achieve high packaging 
density for each of the instruments of the system at 
a competitive price, a new hybrid packaging process 
needed to be developed. The IC package had to satisy all of 
the individual product objectives and meet corporate re- 
liability standards. 

As an example of the need for the new process, the two 
57-pin liquid crystal display driver chips mounted in stan- 
dard dual in-line packages ( IJIPs] would occupy about 10 
cm 3 , and the space available for the entire display assembly 
(including LCD and interconnects) was only one-sixth of 
this volume. 

The cost, rdi ability, and performance [both electrical and 
environmental) of the new process had to he comparable to 
or better than a standard plastic D1P + This objective encom- 
passed considerations of manufacturability on a high- 
volume production line, product flow and yields, test- 
ability and re workability, materials cost and labor, as 
well as the package's ability to resist environmental stress 
conditions. 

The Package 

Ahir thoroughly investigating existing technologies, the 
package configuration shown in Fig. 1 was chosen and 
Implemented. The packaging scheme involves mounting 
tfic silicon chip directly onto a high-quality printed circuit 
board using a conductive epoxy. The !C is pass i vat ed in 
wafer form with a 70f.)0A film of silicon nitride. The chip's 
inputs and outputs are connected to the printed circuit 
board using 0.025-rnm-tliameter gold wires ulhasmiically 
bonded at about 1 7 5 "C. The IC and wires are encapsulated 
in epoxy to protect them from mechanical damage or gross 
condensation. The substrate is then connected to the out- 
side world by a reflow solder operation. The resulting pack- 
age satisfies all of the design objectives previously men- 
tioned, and is fairly easily implemented, since it employs 
existing state-of-the-art technologies, 
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Figs. 2. 3, and 4 are photos uf Ihe RAM. ROM, and display 
d river modules. 

The Substrate 

The CMOS ICs used in the HP-41C dissipate very little 
power, and are protected by a silicon nitride passivation 
layer, so heat dissipation and hermiticity (in the strictest 
sense) were not problems. 

A poiyimide/amide. fiberglass-laminate printed circuit 
board was chosen over a thin-film or thick-film ceramic 
substrate for reasons of cost, mechanical shock resistance, 
sold era bility, and mach inability ( allows for more diversity 
in shapes], Polyimide's temperature properties tolerate the 
high processing temperatures (greater than 175°C) better 
than standard epoxy/glass printed circuit boards. 

State-of-the-art printed circuit board photolithography 
was required to resolve the 0.13-mm traces and 0. Ki-mm 
spaces. Along with the 0.33-mm (#80) plated-through 
holes, these give the greatest trace density now commer- 
cially available on two layers. 

The V* -ounce copper-clad laminate Is plated with a 





Fig. 1. General configuration of the hybrid packaging 
scheme usedtn most of the products m the HP-4 1 C Calculator 
system 



Fig. 2. RAM module contains four chips, each meas, 
2 12 by 4 29 mm. Each chip contains sixteen 56-bit regr I 
There are 12-1 4 bonds per chip and ten connections 
reflow-sQtdered contact frame to the HP*4lC The substrate 
measures 23,37 x 73 72 xQ. 79 mm 
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Fig. 3. ROM modules contain one or two chips, each measur- 
ing 3 71 by 5.00 mm and containing 40K bits. The bit pattern is 
customized for each application. There are 7-9 bonds per chip 
and ten connections via a reftow-soidered contact frame to the 
HP-4 1C The subsmm measures 23.37 x 13.72 xO. 79 mm 

0.005-mm nickeJ diffusion barrier and 0.0013 mm of gold to 
permit reliable bonding of the gold wires. 
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An Economical, Portable Microwave 
Spectrum Analyzer 

With a frequency range of 10 MHz to 21 GHz, a calibrated 
amplitude range of —111 to +30 dBm, and a dynamic range 
of 70 dB t this new spectrum analyzer has lab-grade perfor- 
mance, yet Is compact enough for field use. 

by David H. Molinari and Richard L. Belding 



TO THE ENGINEER concerned with microwave fre- 
quencies, a spectrum analyzer is every bit as 
as the oscilloscope is to the engineer concerned with 
waveforms. The spectrum analyzer can disclose whether 
or not an oscillator is generating excessive harmonies, 
what mixing products are coming from the output of a 
mixer, how much distortion and other spurious products 
arc in the output of an amplifier, and other performance 
details that are hard to obtain in the microwave region by 
any olher means, 

Since spectrum analyzers are so useful, one is moved to 
ask why every microwave engineer doesn't have one on his 
bench. The answer is cost. In the past, even the simplest 
microwave spectrum analyzers cost several times as much 
as a high-grade lab oscilloscope; lab budgets just couldn't 
afford a microwave spectrum analyzer for every engineer 
who could use one. 

It is for the purpose of making the advantages of spec- 
trum analysis available to more engineers that a new mi- 
crowave spectrum analyzer, Model 8559 A (Fig, 1 ) lias been 
developed. This instrument has lab-grade performance 
[Fig, 2), with a frequency range spanning It) MHz to 2 1 GHz, 
a 70-dB dynamic range, and a noise floor of - 111 dBm at 3 
GHz, rising to only -90 dBm at 2 1 GHz. Frequency re- 
sponse is flat w r i thin belter than ±1 dEi to 3 GHz, and within 
±3 dB to 21 GHz. But even with this level of performance, 
this instrument costs less than any other analyzer for the 
same frequency range, 

Amplitude accuracy is enhanced by a built-in calibrator 
that generates a ;$5-\1Hz calibrating signal at a level of -10 
dBm within iu\3 dB (typically =0.1 dB). With the instru- 
ment calibrated using this signal — and taking into account 
the accuracies of the input attenuator, reference-level set- 
tings, display, and overall frequency response — amplitude 
readings are accurate within 2.3 dB up to 3 GHz, and 3,6 dB 
up to 18 GHz, figures that are equal to or better than those 
specified for other analyzers costing much more. 

in addition to establishing an exemplary performance 
cost ratio, the new nnalyzer is easy to use. Operation is 
simplified with coupled controls that automatically select 
an appropriate resolution bandwidth and sweep time for 
the chosen frequency spar (resolution bandwidth Is select- 
able in eight Steps from I kHz to 3 MHz in a 1-3-10 se- 
quin ce J, The controls for the input attenuator and IF gain 
are coupled so that when they are used to bring B signal to 
the GRT reference line, the signal amplitude can be read 



directly from the controls (Fig. 3| However, any of the 
coupled controls may be operated separately to permit the 
user 1o select other measurement parameters for special 
situations. 




OUOUUU 




Fig. 1. The Model 8559 A Spectrum Analyzer, shown here 
mounted in a Model 182 T large -screen display < covers a fre- 
quency range of 0.01 to 21 GHz with accuracy and sensitivity 
characteristic of a fab-grade analyzer, its size and weight 
make it statable for field use. 
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Fig. 2, An example of the 8559^ s lab-grade performance is 
this display of a -57 dBm signal at 20.39 GHz. The resolution 
bandwidth used was 30 kHz and the noise level is -83 dBm. 
This corresponds to an average noise level of -98 dBm m a 
7- kHz bandwidth (specified maximum is -90 dBm) 

A tunable marker helps the user ''zoom In* 1 an an un- 
known signal When the FKEQ SPAN control is set to FULL 
BAND, the marker appears as a triangular depression on the 
CRT baseline. It is positioned on the frequency scale by the 
TUNING control and indicates what the center frequency 
will be when the FREQ SPAN control is set to any other span. 

The new analyzer was designed as a plug-in far the well- 
proven HP 180 family of displays. Mainframes include a 
large-screen |10.:i x 12.9 cm) display (Fig. 1). a variable- 
persistence display, rack-mount versions, and a splash- 
proof version. The analyzer is also compatible with the 
Model 8 7 SO A Storage- Norma lizer that stores spectra digi- 
tally for continuous display. Lab engineers thus have a 
choice of display capabilities and the field engineer can 
have a compact, portable analyzer weighing less lhan 18 
kilograms (40 lb) for servicing microwave repeater stations 



and other field installations. 

Design Goals 

The achievement of high-quality performance in a com- 
pact, moderately-priced spectrum analyzer results from a 
well-considered combination of available technology and 
design goals, It was recognized at the outset that the major- 
ity of users of such an instrument would be dealing with 
signals that are known and confined, as in circuit design 
work, contrasted with those working with multiple un- 
knowns, as in spectrum surveillance. A preselector would 
therefore generally not be required, eliminating one major- 
cost item. 

Also recognized was that most users would not need 
resolution bandwidths narrower than 1 kHz. If the 
minimum bandwidth w T ere 1 kHz, a phase-lock loop would 
not be necessary for the all-important first local oscillator, 
with a consequent savings in cost and size, provided that 
the oscillator had the requisite stability. YIG-tuned oscil- 
lator (YTO) technology has advanced to (he point that a 
YTOcan fulfill this, requirement, That is the approach taken 
with the &559A, and as a result, it has a residual FM of less 
than 1 kHz p-p on the fundamental mixing bands (for a time 
interval **10Q ms when operating on 1QIM20V line volt- 
ages] without use of a phase-lock loop, and noise sidebands 
are at least 70 dB down greater than 30 kHz from a CW 
signal. The accuracy of the center frequency setting, dis- 
played on a 5-digit LED readout, is within ±0.3% ±1 MHz 
up to 3 GHz and ±u\2% ±5 MHz to 21 GHz. This is equiva- 
lent to 45 MHz at 20 GHz. 

Alternate IF 

One of the key developments that made it possible to 
achieve the good performance of (his analyzer 
economically — and also allow its packaging in a small 
space — is the alternate IF system. With wideband analyzers 
such is this one, it is not feasible to use a first IF frequency 
that is high enough to lie above the top end of the input 
frequency range, so the first IF frequent y has to lie within 
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Fig. 3. The concentric ;>\- 

TENUATQR and REFERENCE L- 

gain) controls are coupled such 
that the signal level at the refer- 
ence line on the CRT, usually the 
top graticule line, is read directly 
on the reference Li'.ve control. The 
concentric preq span d.v and res- 
olution aw controls also move to- 
gether and automatically set the 
appropriate sweep time (TtMBtQW). 
Any of these controls can he oper- 
ate a individually for special situa- 
tions, 
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Fig, 4, Strnp/ffied block diagram of the Model 8559 A Spectrum Analyzer. Exceptor the alternate 
IF scheme, it follows conventional practice. The input frequency is convened to the 27 4~MHz 
final IF in three steps to allow adequate frequency separation between the desired signal and its 

image at each conversion. 
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that range. Consequently, if any signal present happens to 
have a frequency component that is the same as the first EF, 
this component will teed ihrough the first IF at all times, 
causing the display baseline to lift, This effect could make 
certain measurements impractical. 

The historic solution has been to provide an alternate 
signal path through a different first IF and d own-converter. 
Since the path switching takes place at microwave frequen- 
cies, expensive coaxial relays and other hardware were 
needed. 

The solution chosen for the 85 59 A is to llSOfi different [J 
frequency hot the same signal path. When baseline lift diw 
to IF feed through occurs, the user presses the ALT IK button. 
This causes the second local oscillator to dmngfcfmque&cy 
by 15 MI Iz and the first local oscillator to cba»g€ ;i c&ftfe- 
Sp on ding amount so I he offending signal is shifted to the 
stopband of the resolution bandwidth filters without affect- 
ing the apparent tuning of the instrument. To permit this 
shift, the first IF filter has to pass signals for either ilv. This 
req u i red the development of a bandpass filter with < :a r ef u 1 1 y 
shaped response that passes 2,9025 GHz, the alternate IF. 
willi approximately the same insertion loss as3.G075 GHz, 
the normal IP. The oscillator is cavity-tuned, using two 
varactors in parallel to accomplish the frequency shift. 

The spurious mixer product* thai result from this 
technique appear on the display only whan the analyzer is 
tuned below 1U MHz, Although the analyzer is not specified 
for input frequencies below It) MHz, it can be tuned to 
examine lower-frequency signals though with somewhat 
degraded performance. 

instrument Organization 

A block diagram of the 8559A is shown in Rg, 4. It is a 
triple-conversion, swept-frequency receiver that uses har- 
monic mixing to obtain a wide input frequent ,\ range. The 
first local oscillator always operates within a 3-to-i>-(. iHz 
range which, with the :MJ| 1/ first EF» gives two fundamental 
tuning ranges; )),()] to 3 GHz where i 5j = f LO - }b\ and fi to 
9 GHz where l stt , l LU + IF. The other ranges are obtained 



by heterodyning the input signal with a harmonic of the 

Nf L o± 



sig 



local oscillator to obtain a 3-GHz IF signal (f, 

IK. where B — 2 ox3}, The tuning ranges are diagrammed in 

Pig. 5- 

Since an input signal can mix with all of the local oscil- 
lator's harmonics, and may thus appear on more than one 
frequency band, a SIC IUENT pushbutton is provided to help 
the user determine wdiich frequency hand is the correct one 



22 -r 




Fig. 5. Tuning curves for the 8 559 A Spectrum Analyzer The 

numbers in parentheses adjacent to each range indicate the 
harmonic used to obtain a 3-GHz IF for that range. The 
analyzer's sig idenj pushbutton helps the user identity the 
proper range tor a particular signal 
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for an unknown signal. Pressing this hut Ion shifts the sec- 
ond LO frequency I MHz and reduces the vertical gain 6 dB 
on alternate sweeps, causing any displayed responses to 
appear twice. If the signal in question appears to .shift 1 
MHz to the left, then the signal is heterodyning with the 
harm .on in corresponding lo the chosen frequency band, and 
the correct frequency band has been chosen (the 6-dB drop 
in signal level identities which of the two responses is the 
shifted response}- 

The input attenuator is a broadband type using thin-film 
attenuator cards and edgeline switching to achieve high 
accuracy and repea lability, 1 This is followed by a 3-dB pad 
that improves the characteristics of the input termination 
while providing some protection for the diode and buffer 
transistor in the first mixer. Thus, when the input at- 
tenuator is in the U-dB position, the analyzer meets its 
flatness specification and is still calibrated, which would 
no! be so if the input were applied directly to [he mixer. 

To achieve broadband performance up to 21 GHz at 
reasonable cost a single-diode configuration is used for the 
input mixer, a thin-film hybrid microstrip circuit fabricated 
by conventional techniques on a sapphire substrate. 

The input attenuator, 3-dB pad, mixer, and internal ca- 
bling determine the overall frequency response of the in- 
strument. Compensation for rolloff on the higher bands is 
effected by increasing the gain of the third IF stage on these 
bands. Within each frequency band, the input mixer largely 



determines the frequency response flatness, 

First Local Oscillator 

Frequency accuracy in a spectrum analyzer depends to a 
large extent on the first local oscillator. Because the Widest 
possible tuning range was desired for the 855V) A wilh set la- 
bility to within 0.2%. a VIG-tuned transistor oscillator is the 
appropriate choice, Although a number of YTOs are availa- 
ble, the YTO chosen is one that had been developed in- 
house. As mentioned earlier, it has the superior perfor- 
mance needed to allow r the analyzer's performance goals to 
be met without use of a phase-lock loop. In addition to that, 
it is a rugged device that is relatively immune to shock and 
vibration. 

Similar to the YTO used in other HP instruments, 2 this 
YTO uses a heated YIG sphere to overcome the problems of 
temperature change as a function of frequency. Turning ,t 
YTO to a higher frequency requires an increase in magnetic 
coil current, which raises the internal temperature. The YIG 
heating control raises the YIG temperature to a level higher 
than the maximum internal level, where it can be held 
constant. 

Careful choice of materials for the tuning magnet reduced 
the inherent hysteresis to less than ±1.5 MHz over the 
3-to-6-GHz range. A spin-off benefit is the superior noise 
performance of this oscillator, which is so low thai the 
driver circuit becomes the limiting factor in the instru- 
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menf s frequency stability. 

The YTO's excellent tuning linearity of <4 MHz absolute 
permits a straightforward YTO driver design (see Fig. 6). 
Only three diode breakpoints are needed to shape the tun- 
ing ramp lo match the YTO's characteristic closely enough 
lo achieve an overall linearity of *1 MHz. The result is a 
low-power, low- volume driver that helped make it possible 
to package the unit in a compact assembly without creating 
internal hot spots. 

Digital Panel Meter 

To minimize cost and conserve space, it was decided to 
derive a display of the center tuning frequency by measur- 
ing the tuning voltage applied to the YTO driver rather than 
use a counting scheme. A 5-dIgit display would be required 
to provide 1-MHz resolution up to 21 MHz. but since the 
maximum value of the most sign ill' an! digit is 2. the so- 
called 434-digit (30.000 count) display would suffice. 

Since the tuning voltage varies between and -10 V, a 
digital paneJ meter (DPM) would be the obvious choice, but 
at the time of instrument development, no -Pvdigit D^ 1 
small enough dimensions was available. However, a low- 
cost 4%-digi1 A-to-D converter chip set was available, and 
by using this set and a 5-digiL 7-segment LED display, the 
de&igE objectives related to cost, si&e, power dissipation. 
and temperature coefficient were met. in addition to these 
components, the only others needed were four Iqw- 
temperature-coefficient resistors and an oscillator inductor 
(the oscillator controls the LED refresh rate). Adequate field 
contain ni en I was obtained for the inductor without a shield 
by winding the Inductor on a high-permeability toroidal 
core, 

An operational amplifier and switched resistor networks 
mod it v the input voltage to the meter circuit so that the 
proper i,i iiu» ui voltages is obtained for each of the six 
tuning hands, 

IF Chain 

The second mixer also uses a single-diode configuration. 



Feedback 
Capacator 

Temperature 
Compensating 



35-MHz 

Calibration 

Signal 




The tank circuit for the second local oscillator includes two 
parallel varactors that enable the oscillator frequency to be 
switched from 2.6861 to 2.6711 GHz tor the alternate IF. 

The second IF (321,4 MHz) passes through two stages of 
bandpass filtering and is then applied to the third mixer, a 
double-balanced mixer. The third local oscillator is a mod- 
ified Colpitts design that has lightly coupled feedback 
through a temperature-corn pensated tank circuit. The sta- 
bilitv of this oscillator is such that it contributes less than 50 
Hz KM. 

I In? 21.4-MH?; IF out of the third mixer then passes 
through variable-gain amplifiers I hat provide I he flalmvss 
and band -con version-loss compensation, and several 
stages of resolution-bandwidth filtering. That is followed 
by a seven-stage logarithmic amplifier that can also be 
switched to operate linearly. This drives the detector. The 
detector signal is then processed for display on the CRT. 



ABRIDGED SPECIFICATIONS 

HP Model 8559 A Microwave Spectrum Analyzer 



Frequency 

MEASUREMENT RANGE: "D MHzlo 21 GHz. 
FREQUENCY SPANS; 100 kHz to 9 GHz 

SPECTRAL PURITY: 70 dB down 30 KHz foam signal in l-KH* t>and width 
ACCURACY; ± 1 MHz z .0 3% to 3 GHz 

^5 MHz tG.2% to 21 GHz. 
RESOLUTION BANDWIDTHS: I fcHz to 3 MHz in a 1-3-10 sequence. Selectivity 15 1 
i 60 dB ; 3 dB bandwidl* ratioi 

Amplitude 

MEASUREMENT RANGE; -111 dBm to * 30 dBm (to 3 GHri 
90 dBm lo rZQ dBm (to 21 GHz) 
SPURIOUS RESPONSES i. typical} 70 dB below -30 dBm signals, 
RESIDUAL RESPONSES; -90 dBm as displayed Jn 0-to 3 GHj Band 
ACCURACY: Calibrator -0 3 dB 

Reference level, -1,0 dB. 

Flatness' 



Band 


dB M& 


0.01-3 GHz 


1 


5-9 


t 


3-9 


' 5 


9-15 


1.8 


6-15 


2 I 


12 Me 


2A 


tfl-21 


3.0 



Sweep 

TIME; 2 MS.'div to TO $/dlv. 

AUTO: Sweep time controlled by FREQUENCY SPAN 'D IV. 

TRIGGER: Single. Ires run. external. v4dw. 

General 

ENVIRONMENTAL 

TEMPERATURE i operaungl lo *55'C 

HUMIDITY 95% flH.Olo -40'C 
EMI: Conducted and radnated mtem&rence within toe requirements ol methods CEQ3 and 

RE02 ot MIL STD 461 A. VDE 0B7t, and CISPR publication 11, 
POWER /including display mainframe) 100. 120, 220, or 240 Vac [-10% w 

* 5%j. 46-66 Hi. 220 VA maximum. 
DIMENSIONS MS2T display; 338 .1 mm H ■ 201 66 mm W * 498 .5 mm L i, 13-5 16 - 

7-15/16 ■ t 9-5/8 ink 
WEIGHT [including 132T dJstfayJ 17.B kg [39 1 lb). 
PRICES IN U.S.A.: B559A. S7600; t82T S2000 
MANUFACTURING DIVISION; SANTA ROSA DIVISION 

1^00 Fountain Grove Parkway 

lOSa California 95404 U.S.A. 
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Accurate Calibrator 

One of the aids to making accurals spectrum analyzer 
measurements conveniently Is a calibrating signal of 
known frequency and amplitude. This can be applied to the 
analyzer input so the displays can be calibrated to read 
frequency and amplitude directly. The calibration oscil- 
lator built into the 8559A provides a 3.3-MHz signal at a 
-10-dOm level that typically varies less than ±0.1 clB over a 
temperature range of u to 55 P C. The calibration oscillator 
circuit is diagrammed in I'ig. 7. 
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